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In the table below are given the chief molecular ratios of 
analyses of the Magnet Cove rocks which I am led to 


ve are the most reliable and representative. There are also 
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§.00; 2.33; 1.21 
Gravity 3.407 | 2.769 | 3.034 | 2.770 





I, Jacupirangite. V. Covite. 
II. Biotite Ljolite. VI. Foyaite, Diamond Jo. 
III. Ijolite. VII. Pulaskite, Braddock’s quarry. 
VI. Arkite. VIII. Pulaskite, Type, Fourche Mt. 
‘Continued from p. 622. 
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inserted the figures for my two analyses of the Fourche Moun- 


tain rocks, which, although somewhat distant from Magnet Cove, 


undoubtedly belong to the same general regional magma. To 


render the diagrams less complicated the iron oxides are calcu- 
lated together as (FeO). 
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DIAGRAM I. 


It has already been explained that at Magnet Cove th« 
arrangement of rocks from center to periphery is regularly serial, 
from basic to intermediate, z. ¢., from II to VI. If, therefore, 
the analyses are plotted according to Iddings’s method, using the 
silica values for the abscissae, the diagram will represent in a 
general way the variation of this particular magma in space. 
This was done in my former paper" for the earlier analyses, and 
the results of the present investigation are shown in Diagram 1. 


‘ H. S. WASHINGTON, of. cit., p. 404. 
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Comparison of the two shows that the curves, or rather zig- 
zags, are much alike even though the analyses of (and con- 
sequently the abscissal positions of the figures for) arkite are 
different in the two. At the same time the new diagram is 
markedly more broken, and varies less regularly and con- 
tinuously than the former. The regularly serial character of 
the first is thus apparently diminished, and what it was thought 
would be an excellent example of regular differentiation seems 
to turn out rather the contrary. 

But, as Pirsson justly remarks, the use of SiO, for the 


issae is arbitrary, and, since this is one of the most impor- 


tant rock ingredients, its variation should also be shown in a 


It would seem to be undeniable that this is a legitimate, 
indeed a most logical, method if the differentiated mass has not 
suffered disturbance and if circumstances permit the determi- 
nation of the correct distances of the various differentiates from 
the center, since the diagram then represents, not only the com- 
ositions of the various phases, but their actual relations in 
space, both as to direction and as to relative position. 

It often happens, as apparently at Magnet Cove, that the 
successive differentiation products are sharply separated from 


‘ach other, transition forms being either lacking or very small 


o 


mount as compared with the main types. To correspond 


hen with the actual state of affairs, the diagram should consist 


of steps, 2. é., horizontal lines of a length equal to the breadth of 


ich zone, at the respective ordinal positions for each oxide. 


Since, however, the analyses may be assumed to represent the 
average composition of each differentiation product, and we 
desire to study the course and the laws of differentiation, it is 
legitimate to represent the position of each constituent by a 
point, and the lines connecting these will therefore express the 
course of the differentiation of the mass of magma, even though, 
as an actual matter of fact, all the possible gradations repre- 
sented by the curves may not be present. Such a procedure is 


quite in accordance with the general practice in chemical and 
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physical research, and this point is mentioned only because such 
methods have, as yet, found little application in petrography. 

In order to construct the curves two important field data are 
required ; the position of the center of the mass or area, and the 
relative distances from this of the various types analyzed. 

By center is meant that of the innermost petrographic zone 
or core, not necessarily the geometrical center of the mass, as 
this petrographic center may be conceivably geometrically 


eccentric. Since, in many cases, as here, we have only one sec- 


the mass, but rather its epicenter, to use the seismological term. 

Since the area of Magnet Cove forms a fairly regular ellipse 
with axes of about 5 and 3 kilometers, the center of the igneous 
area is easily determined. Its position is marked approximately 
by the Baptist church," which lies in the small central exposure 
of biotite-ijolite. Inasmuch as we do not know whether the 
plane of the present exposed area cuts the mass centrally or 
above the center, we cannot tell whether the central point of 
this is the true center of differentiation or not. It is probably 
not so. But as far as the types exposed are concerned this is of 
little moment, as their mutual relations would remain the same, 
or approximately so, in any case, 

Having determined the center the next point is to determine 
the distances of the various types from this. It is obvious that 
for the proper plotting of the curves, and hence the study of the 
course of differentiation, this is of great importance, since the 
points which determine the various curves will be shifted in one 
direction or another according to the distances selected. This 
would alter very materially the slope of the curves, and even 
their character or shape, as by the shifting of the abscissal posi- 
tions a straight line will become a curve, or a simple curve of the 
second degree may assume the form of an inflexed one of the third. 

At Magnet Cove we cannot determine the abscissal positions 
by simply measuring the distances from the center to the par- 
ticular spots where the analyzed specimens were collected, 


* Cf. the maps in papers already cited. 
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cause, owing to the elliptical shape of the area, a specimen 


g., covite) from near the end of the major axis may be at an 
tually greater distance from the center than one (¢. g., foyaite) 
ym the end of the minor axis, though genetically inside the 


tter. 


It would, of course be best to have several analyses of each 
- from different parts of the zones, both radially and circu- 
‘*, so as to get the mean composition of each. But as that 
ives the making of very many analyses, we must be content 
resent with selecting what seem to be representative speci- 

s, and assume that their analyses correspond to the average 
position of each type. 

\ssuming this, two courses are open to us. We can either 
sure the distances from the center along a radial line on 
h all occur, or average the distances of the various occur- 
»s of each type. The latter has been the process adopted 
, since it seemed more likely to eliminate errors due to local 
litions. 

For each type measurements were made on Williams’s map in 
iy directions from the Baptist church to the middle point of 
1 zone exposed, and the mean of these taken in each case. 
the diagrams the abscissal positions of III, IV, V and VI, 


1 the origin at II represent these relatively, as it 1s not nec- 


sary that the diagrams be of the same scale as the map. The 


tion of the foyaite (VI) is not fixed as accurately as those of 
others, since, being at the periphery, it is in great part over- 
by the surrounding shales. Small outcrops outside the 
n area, however, allow a rough estimate of its average dis- 
though it undoubtedly extends farther away from the 
osed area than the few outcrops indicate. 
In my former paper I assumed that the petrographic center 


the area was in the ‘‘ magnetite bed,” and that this was the 


sult of the decomposition of underlying jacupirangite. As» 


vever, this is quite uncertain, it seems best for the purpose in 
v to disregard this area. For the present then the analysis 
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lected. The same is true of the pulaskite analyses, these rocks 
lying quite outside the Magnet Cove area. All these rocks will 
be discussed subsequently. 

We thus obtain the result shown in Diagram 2, where the 
points are connected by straight lines. In this, and the follow- 
ing, the vertical scale for SiO, begins .400 lower than the others, 


so as to condense the diagram and at the same time preserve 


GaO 
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DIAGRAM 2. 


the relative forms of all the curves (given later), and not flatten 
that of silica, as would be done if a smaller vertical scale were 
used for this than for the other constituents. 

When Diagram 2 is examined it is clear that, with th: 
exception of the values for covite (V), all the points of the 
respective oxides lie along very smooth curves. For con- 
venience in further discussion the curves formed by the figures 
for II, III, 1V and VI are plotted separately in Diagram 3. The 
values for V (covite) are entirely omitted from this, and the 
position and relationships of this rock will be discussed later on. 
The curves marked fF and M will also be explained presently. 
All the curves, it may be mentioned, were drawn with a spline, 


so that the personal equation is eliminated as far as possible. 
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Within the limits from II to VI the curves are simple, that 
SiO, alone showing inflexion about at the center of the dia- 


ram, rising sharply toward the right (acid end) and falling 


ntly toward the left (basic end). Most of the curves are quite 
t, especially those of Al,O,, Na,OQ and K,O, which approx- 
straight lines. At the same time they are all distinctly 




















Al,O, 











DIAGRAM 3. 


rves and not strictly linear. It will be remembered that 


irsson? says that all of the lines of his diagram should prob- 


y be drawn as very flat curves (much flatter than these), and 
se observations are in accordance with the conclusion of 


Harker,3 that strictly linear series of rocks are of rare occur- 


I 


nee. 
With the exception of SiO,, which is inflexed and that of 


* This is best seen in the large-scale drawing from which the diagram is repro- 


ac] 
iced, 


*L. V. PIRSSON, of. cit, p. 571. 


A. HARKER, Jour. GEOL., Vol. VIII, p. 392, 1900. 
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Al,O,, which is almost a straight line but slightly convex,’ all 
the curves are concave' (toward the bottom). 

The curves divide themselves naturally into two groups, 
according to general direction. Those of SiO,, Al,O,, Na,O 
and K,O ascend toward the right (the periphery), the three last 
almost arithmetically. It will be noticed that the K,O curve 
ascends more rapidly than that of Na,O to a point a little to the 
right of 1V, when it dropsa trifle more rapidly. This is expressed 
in the series of the ratios of these two oxides, already given in 
Table I. The second group is that of (FeO), MgO and Cat 
which descend toward the right, and at a greater rate than those 
of the other group rise, SiO, excepted. 

It may be noted, by the way, that if TiO, be plotted with 
SiO,, the curve of the sums of the two becomes rather more flat 
(especially about IV), and the inflexion at the left is almost 
overcome. For facilitating this observation I have put the 
molecular ratios of TiO, next to those of SiO, in the table, 
though it would complicate the diagram unnecessarily to put in 
this joint curve. This seems to confirm the general belief that 
TiO, plays the part of an acid radical, like SiO,, in rock magmas 

The general results can be concisely shown by plotting the 
sums respectively of the “ascending” and the ‘descending’ 
oxides, except silica. We then get the two curves F (that otf 
Al,O,, Na,O, K,O) and 4(FeO, MgO, CaO), on the line of 
which all the determining points fall very exactly. They are 
both decidedly concave, Fascending and M/ descending, and thei: 
smoothness and regularity are very striking. 

These results are in strong harmony with those of Pirsson, 
and the general characters of the curves in each diagram are ver) 
similar, though there are some differences in detail. Thus all 
his curves are much flatter, the SiO, dees not show signs of 
inflexion, and the Al,O, is concave and K,O convex, while in 
mine these two are reversed. But these are small matters, pos- 
sibly due to the abscissa! distances at Yogo Peak not being as 

* The terms convex and concave will be understood as referring always to the A 


axis, the bottom of the diagram. 
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easily ascertainable asat Magnet Cove. The general conformity 
of the two is very good evidence to show that, if plotted accord- 
ing to their spacial (z. e., genetic) relations in the mass, the 
analysis of the components of an igneous complex will furnish 
regular curve. This fact is almost proof positive of the view 
that the variation of rocks is due to differentiation of some 


+ 


SOTL. 

Whether this differentiation is always as is now believed, 
viz., that the oxides of Al, Na and K tend to segregate in one 
direction, while those of Fe, Mg and Ca segregate in another, as 
W is the process by which these changes are brought about, 
are separate questions, which further investigation must settle. 
It may be that the general course indicated by the diagrams of 
Pirsson and myself are typical of all rock differentiation, or it 
may be that with magmas of different character the course of 
differentiation may be radically different, and that the same 
oxides do not always tend to go together. 

\t any rate, it may be confidently expected that where a 
mass of magma has been differentiated zm se¢u and is of approxi- 
mately regular shape, has not been subjected to secondary dis- 
turbing conditions, and the exposures sufficient, we can express 


relations of the differentiation products and the course of 
differentiation mathematically, as has been done in these two 
instances. Of course, for this purpose, it is absolutely essential 
that the analyzed specimens be representative, and that the 

yses be complete and accurate. Otherwise the curves will 
be misleading or else uneven zig-zags, only rough approxima- 
tions to the truth, and possibly not even that. There must also 
be present at least three differentiates, as otherwise only straight 

s connecting the two can be drawn. 

Che fact that the SiO, curve is the only one which is inflexed, 
and that it runs very sharply up toward the acid end, leads to 
some interesting conclusions. Since, toward the acid end, the 

ves of (FeO), MgO and CaO drop much more rapidly than 
those of Al,O,, Na,O and K,O, it is evident that at a short 


tance to the right (in other words with a slight increase in 
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silica), they will practically disappear if the differentiation con- 
tinues as indicated by the body of the diagram. Further differ- 
entiation in this direction then would lead to the production of 
a purely feldspathic or feldspathoidal rock. If continued still 
further quartz (free silica) would appear and the rock become 
aplitic in character. Finally, since the silica is increasing at a 
rapid geometrical rate, while the other constituents are drop- 
ping, the extreme result of differentiation in this direction would 
be pure quartz. 

This inference is obviously in line with the experiments of 
Barus and Iddings‘ which indicated that in igneous magmas 
SiO, plays the réle of electrolytic solvent, analogous to that of 
H,O in aqueous solutions. This result is also in harmony with 
the experiments and conclusions of Lagorio? and Morozewicz,3 
who come to the conclusion that the predominant magmatic sol- 
vent is composed of silica and alkalis, and that it has the power of 
dissolving large amounts of alumina. The results obtained above 
would indicate that alumina itself is an essential constituent of 
the solvent, and it would also seem that there need be no stoichio- 
metrical ratio between the four constituents. As has been 
indicated above, however, it will not do to push conclusions too 
far from such meager data, and it is by no means necessary to 
infer that a rock solvent of this character is the only possible 
one. But it will be as well to defer all discussion of these topics 
until more complete data are available. 

The comparative rarity of occurrences of purely or very 
highly siliceous igneous rocks may presumably be ascribed to 
the fact that long before this phase of differentiation has been 
reached, the mass will, in most cases, have become solid (owing 
to the high melting point and great viscosity of such mixtures), 
and hence incapable of further change in this way. 

It is of interest to note in this connection that a specimen 
of “aplite’’ has been collected by Dr. Weed, and is now in the 

* Barus and [pDINGs, Am. Jour. Sci., Vol. XLIV, p. 248, 1892. 

*Lacorio, Min. Pet. Mitth., Vol. VIII, p. 508, 1887. 


3 Morozewicz, Min. Pet. Mitth., Vol. XVIII, p. 235, 1899. 
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United States Geological Survey Reference Collection (No. 813). 
It is of a small dike, about one and a quarter inches wide, cutting 
the shale near Neusch’s gulley, which it has metamorphosed. 


I am indebted to Dr. Ransome for the examination and descrip- 
tion of this specimen which he sent at my request. ‘‘ Under the 
microscope, the dikelet is seen to consist almost wholly of cloudy 
alkali-feldspar, with no quartz or nephelite, and a little biotite. 


With high power, the feldspar (between crossed nicols) all shows 
the fine shadowy striping indicative of a soda-bearing feldspar.” 
Two garnets also occur at the borders of the dike. The occur- 


rence of this aplite dike is clearly corroborative of the view of 
the course of differentiation which has been just expressed, and 
it is probable that further search would reveal others which have 
heretofore escaped notice. 

furning to the other end of the diagram, there is good 
ground for the belief that there must be inflexion upwards of 


one or more of the curves beyond II to the left. If the curves 
are extrapolated to the left, at a distance, let us say, equal to 
that between II and III, the sum of the constituents reduced to 
precentages amounts to only 55.6. 

it is obvious therefore, either that some other component of 
the magma than any of those plotted is greatly concentrated at 
the basic end, or else that the curves of one or more of the 
plotted constituents must run very sharply upward, thus causing 
inflexion. 

In the former case a probable additional constituent would 
be P,O,, which would yield, with high CaO, MgO and (FeO), 
an apatite-rich pyroxenite like that of Ahvenvaara in Finland," 
or with disappearance of SiO,, an apatite-magnetite rock like 
that of Alné.2 If TiO, should be the constituent to assume 
extraordinary proportions toward the basic end, we would expect, 
with disappearance of SiO,, titaniferous magnetites, or such rocks 
as the magnetite-perofskite rock of Brazil, described by Derby. 

V. HacKMAN, Bull. Com. Géol. Finl., No. X1, p. 36, 1900. 

f. RoSENBUSCH, Elemente, No. 3, p. 133, 1898. 


O. A. Dersy, Neues Jahréd., 1894, Vol. II, p. 297. 
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solid. 


analogous to the segregation of TiO, 


ter, and the consequent possibility 
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Such products are, however, very exceptional, and are only 
to be expected in cases of very complete differentiation. In 
general we would only look for sharp upward inflexions of the 
(FeQ) and MgO curves, which would yield, with the slow ly 


pyroxenite rich in magne- 


tite. This is just the character of the jacupirangite of Magnet 
Cove (1), and of those of Brazil and Alné, and I have indicated 
its connection with the others accordingly by the dotted lines to 


Inasmuch as the specimens of this come from a small iso- 
lated mass outside the main area, its relations to the other types 
are uncertain, and its diagrammatic position has been given on 
the basis of its silica content. It seems to be probable that if, 
as is likely, such a rock is connected genetically with the others, 
its abscissal position should be considerably more to the left. 
As this rock is met with in the immediate vicinity of the main 
area, and is a theoretically possible differentiation product of the 
magma, it seems reasonable to assume that the section at Magnet 
Cove cuts the mass some distance above the center, and that 


below the biotite-ijolite is a core of jacupirangite, as previously 


It is obvious from the theoretical discussion, as well as from 
observations here and at similar regions, that the relations toward 
the basic end are far more complex than at the acid end. This 
arises from the fact that the oxides involved here are capable of 
more numerous mineralogical combinations, and also because 
elements which are only present to a small extent in the body 
of the magma may here assume proportions of great impor- 


tance. The fact that these extreme basic differentiation prod- 


purely siliceous ones may 


be ascribed to the greater fusibility of magmas of a basic charac- 


of differentiation among 


them at temperatures when the more acid end of the series is 


In this connection attention may be called to the fact, 


and P,O, at Magnet Cove 
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and Brazil, that in large steel castings, such as those for modern 
artillery, etc., there is a very marked concentration of “ impuri- 
ties,"’ as phosphorus and sulphur, toward the center of the mass. 


As all the curves are so smooth and well defined, it seems 


highly probable that equations for them could be found and that 
their properties as such could be discussed. In this way we 
could get at an exact knowledge of the law of differentiation, 
in this particular case at least. It is a matter of regret that I 


am not mathematician enough to do this, but there are other 
ap] itions of the data at hand which are capable of simple 


mathematical treatment. 


Since the area of Magnet Cove is a fairly regular ellipse, and 
the zones of the various types are concentric about the center, 
by taking the average distance of each we practically reduce the 
ellipses to circles, the average distances being the radii. 

Now, since II is at the center, if we suppose Diagram 3 to 
be revolved about the vertical line at II as an axis, it follows that 
the solids of revolution so generated by each of the curves (with 
the bounding lines at the sides and bottom), will represent the 


amount of each oxide in the original magma, and that their sum 
will represent the composition of the magma as a whole, before 
differentiation. 
lis is not strictly true, since we are ignorant of the exact 
shape and extent of the complex, but as a first approximation 
and an illustration of the method, it will be of interest to calcu- 
late the results which are obtained on this basis. Asa matter of 
fact, the recent description of the Shonkin Sag laccolith by 
Weed and Pirsson* renders it extremely probable that the foyaite 
is present in far greater relative amount than the surface expo- 
sures indicate. This would necessitate a very considerable cor- 
rection, but, as we have no means at present of estimating this, 
it will be as well to give the figures based solely on the field 
observations, leaving possible corrections for the future. 
Che process of calculating the various volumes is very simple 
in theory, but somewhat complicated and laborious in practice. 


WEED and Pirsson, Am. Jour. Sci., Vol. XII, p. 1, 1901. 
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As it is a somewhat new departure in petrography it may be of i 
use to others to outline the method which I have employed. 
The curves shown in Diagram 3 were plotted on paper ruled in 
inches and tenths. The particular scale is simply a matter of 
convenience, and it is not necessary to reduce the percentages to 
100, as we are dealing with relative amounts. 

The formula employed is well known, being the second of 


Guldin’s theorems, viz., the volume of the solid generated by 


— 


eat ae 


the revolution of a closed curve or plane figure about an axis in 


Parez, 


its plane, but exterior to itself, is equal to the product of the 
area of the generating curve into the path described by the cen- 


ter of gravity of the revolving area. 


ok ra9 


V=e2«rd, 


att t's 


where V is the volume, r the distance from the axis to the center 
of gravity, and A the area of the plane figure. 
The areas of the curve, 7. ¢., of the space embraced within the 


curve itself, and the limits of the diagram, are easily found, 


Svs ee 


either by counting the squares, or by calculation of the area of 


the trapezoids formed by the respective chords and the limiting 

lines, and addition to these of the areas embraced between the 
chords and the curves. 
The centers of gravity are found by dividing the trapezoids , 
into two triangles, and finding their centers of gravity, when the ; 
center of gravity of the trapezoid will be at the intersection of ; 

the line connecting the centers of the two triangles and one con- 
necting the middle points of the two parallel sides. In the ' 
case of the more curved lines a correction must be made for the ‘ 
area between the chord and the curve, but this will always be . 
small. SiO, was regarded as composed of the large rectangle ; 

from .400 below the bottom of the diagram to .249, and the 
space between this upper boundary and the inflexed curve. ’ ? 
The resultant volumes, being based on the molecular ratios, ' 
have to be multiplied by the molecular weights of the respective , 
oxides, in order to arrive at the percentage composition of the , : 
) 


whole. In this way I obtained the following figures, which are 


given in full to illustrate the method. 
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Mot, Ratio 








A r Vv V X mol, wt. | Percentage 

Found. | Calc. 
SiO 1 P Tae t 90576.0 | 47.24 | .787 | -787 
\ 14.0 4.25 375-7 38321.4 19.99 196 20I 
(I 8.25 $.§ I8I.0 13032.0 6.80 094 074 
Me) 5.9 2.9 107.4 4296.0 2.2 .056 029 
Cc 16.2 3-5 356.1 19941 .6 10.40 .185 117 
N 8.1 4.1 208 .6 12933.2 6.75 - 109 110 
kK 8.38 4.75 134.2 12614.8 6.58 .070 ogo 

100.00 


Of the Magnet Cove rocks this resembles most that of arkite 
(IV), especially as regards Al,O,, (FeO), MgO, and Na,O, 
though it is distinctly higher in SiO, and CaO and lower in 
K,O. Referring it to Diagram 3,its position established by 
means of SiO, is shown at X, and the points where this vertical 
is by the oxide curves are the ‘‘molecular ratios calc.” of 
the table. The small crosses along the vertical indicate the 
positions of the various oxides as found. They can be identified 
by the values in the table. 

It will be observed by reference to the diagram or to the last 
two columns of the table, that in the case of oxides whose curves 
are approximately straight lines,as Al,O, and Na,O, the found 
and calculated values coincide, while in the case of oxides yield- 
ing decided curves the value found is below that calculated. 

[This is in accordance with the demonstration of Harker’ 
that if a series be linear the admixture of two or more members 
will produce a rock having the composition of a_ possible 
member of the series, while in a curvilinear series the mixture 
will not correspond to a possible member. 

\nother method for arriving at the composition of the 
magma as a whole would seem to be furnished by the deter- 
mination of the mean point of each of the curves, thus giving 
the average composition. If the equations of the various curves 
were known, these could be calculated mathematically. But for 
practical purposes it can be done by determining, for each 


HARKER, JouR. GEOL., Vol. VIII, p, 394, 1900. 
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oxide, the ordinal value for each successive tenth of an inch, and 
taking the mean. The result of this process is given in II 


below, that given by the previous process being given in I. 


I Il 

) | 6 Pee $7.24 45-44 
Al,O, er 19.99 19.06 
{Sa 6.80 7-75 
. ar 2.24 3.31 
ers 10.40 11.31 
Pers sane 6.75 6.37 
K.O.... 6.58 6.26 

100.00 100.00 


The two agree fairly well, and are of the same general char- 
acter, though there are marked discrepancies, II being decidedly 
more basic in all respects than I, What may be the explanation 
of this, I am not mathematician enough tosay. But the general 
agreement would indicate that one of the two, or their mean, 
cannot be far from the truth, z. ¢., as near as the data at hand 
permit of approximation. 

It is of interest to note that I have been unable to find the 
analysis of any rock which agrees at all closely with either of 
these two results. Those which are as high in alkalis being 
lower in bivalent oxides, while those which agree in this respect 
are lower in alkalis and alumina. Whether this indicates that 
there are serious sources of error in the method employed, or 
else that some undifferentiated magmas may possess chemical 
compositions not corresponding to those of rocks as yet known, 
is a question which cannot be decided here. It would seem as 
if there were nothing @ priori contrary to the latter hypothesis. 

In this connection Harker’s* remark may be cited: “ Given 
a series such that its diagram has markedly curved lines, the 
result of the admixture of two members may be something not 
only foreign to the series, but highly peculiar by comparison 
with igneous rocks in general.” It is true that Harker was dis- 
cussing the case of the mixture of two members of a series, but 


* HARKER, of. ctt., p. 395. 
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differentiation and admixture (of two members of a series) may 


to a certain extent be regarded as inverse processes, so that the 


oC 





rrence of a magma of this anomalous composition need 
occasion surprise. Being rich in both of the generally 
onistic groups of oxides, it would be especially liable to 
entiation. The general lability of the monzonitic magmas 
gards the conditions controlling crystallization has been 
ted out elsewhere.’ 
he general chemical composition can also be calculated by 
lative volumes of the various phases, which has been the 
method heretofore available. This would seem to be far 
uncertain than the new method, which is based on the 
matical course of differentiation, since the ignorance 
rtain data may affect the result very seriously. Thus we 
)t tell where the boundaries between two zones really fall, 
beneath the hornstone ridge especially) whether there 
not be a zone of transitional material. 
\ssuming that the limits come half way between zones, and 


they are of uniform thickness in all directions, we can easily 


Volumes Weights 

OD wéwanreaw a 0.14 0.15 

a CE 8.64 9.85 

a errr ; 38.27 39.15 

) Serer 52.95 50.85 

100.00 100.00 
SiO, - - . - - 50.02 
Al,( F as * - 20.89 
(FeO) - - - - - 5.87 
MgO - - - - : 1.36 
CaO - - - - - 6.89 
Na,O - - . - - 6.86 
K,0 - - - - - 8.10 
100.00 


F, L. RANSOME, Am. Jour. Sci., Vol. V, p. 370, 1898. H.S. WASHINGTON, 
GEOL., Vol. V, p- 370, 1597. 
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calculate the volumes of the several spherical shells, which must 
also be assumed to represent the true ellipsoidal ones. The 
results are given below, including the relative volumes and 
weights (obtained by correction of the former for specific 
gravity), and the average composition deduced from this latter. 

This result is notably less basic than the former calculated 
from the curves, and approaches somewhat closely to the com- 
positions of the foyaite and the arkite, though in a general way 
intermediate between the two. This is so, since these two form 
(on this basis) 90 per cent. of the whole. It must be remem- 
bered, however, that this method is not based on curves, but on 
a succession of steps, and that the influence of the greater 
width of the more acid phases is intensified by their greater 
distance from the center. At the same time both methods 
indicate a magma rich in Al,O,, CaO and alkalis, low in SiO, 
and MgO, and with moderate iron. 

Inasmuch as there must be a (probably rather large) cor- 
rection made for the greater mass of foyaite, on the analogy of 
the Shonkin Sag laccolith, all these figures can, for the present, 
be regarded as only suggestive and illustrative of the method 
of investigation proposed, than representing exactly the actual 
state of affairs. 

It is of course hazardous to theorize on such limited data as 
are yet available, but the methods indicated in Pirsson’s paper 
and the present one would seem to be of not uncommon appli- 
cability, and well worth further trial in the investigation of other 
favorable localities. Indeed, as Pirsson has remarked,’ ‘it 
would seem as if this should be the point of departure in the 
study of other series.”” The methods indicated certainly put 
the study of rock differentiation upon a purely mathematical 
basis, which in the hands of a competently mathematical petro- 
grapher, should surely lead to an exact quantitative knowledge 
of the laws which control this, and very probably, with the aid 
of physical chemistry, to a knowledge of the rationale of the 
process. 


* PIRSSON, of. cit., p. 576. 
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In my former paper I suggested as an explanation of the 
exceptional character of the Magnet Cove and Umptek lac- 
coliths, in having the borders more acid than the centers, that 
the arrangement depended on the general chemical character of 
the undifferentiated magma. The process of differentiation was 


conceived to be, at least for such small bodies, in great part, a 


sort of fractional crystallization, the magma being regarded as 
a solution, so that, in accordance with the laws of cooling solu- 
tions, the solvent (¢. ¢., the portion present in excess) crystal- 
lizes out first around the borders on cooling of the mass. 


From what has been learned of the composition of the 
magma, it is evident that, even though low in silica, it was 
originally of a decidedly leucocratic character. In other words, 


the potential feldspathic and feldspathoidal constituents pre- 
dominated very largely over the calco-ferromagnesian. This is 
seen plainly from the relative weights of the spherical shells, but 


even the more basic composition derived from the curves shows 
the same thing. Thus the composition with 47.24 per cent. of 
SiO, may be obtained approximately by several different mix- 
tures of all or some of the types analyzed, but in every case it 
necessitates taking from six-tenths to eight-tenths of foyaite, or 
foyaite and arkite. It seems scarcely necessary to give these 
calculations, which are purely empirical. The same composition 
may also be reduced to mineralogical composition in several 
ways, according to the assumptions made, but here, also, we get 


al 


yout two-thirds of leucocratic minerals. 

[he original body of magma, then, at Magnet Cove was, 
notwithstanding its low silica, decidedly leucocratic, as demanded 
by the theory, so that the alumina and alkalis, with the proper 
amount of silica for the formation of feldspar and feldspathoids, 
playing the réle of solvent, would crystallize first, and hence 
form the outer portion of the mass. 

[he latest paper by Weed and Pirrson, already cited, is of 
great interest in this connection. Here it is shown conclusively 
that in the well-dissected Shonkin Sag laccolith the outer mel- 
anocratic shonkinite is present in enormously greater quantity 
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than the core of syenite, which, though basic, is distinctly 
leucocratic. The composition of the whole, then, would be 
melanocratic, as demanded by the theory, though with notable 
amounts of alkalis and alumina. The same general relations 
are assumed by analogy for the previously described Square 
Butte laccolith, whose magma thus possessed a similar strongly 
melanocratic character, 2. ¢., with a basic “ solvent’’ portion, as 
was suggested.’ 

In this connection attention may be called to two other 
examples of differentiated masses in which the borders are more 
acid than the center. One is the igneous area at Alné,? which 
is of special interest, since the rocks of this locality are very 
much like those of Magnet Cove. Another example is that of 
the Rieserferner massif in the Tyrol as described by Becke.’ 
The central part of this is a typical tonalite, while the borders 
are composed of what is called ‘“ Randgranit.” Although, 
unfortunately, no analyses are given, it is very evident from the 
descriptions and from the separations by heavy solutions that 
the border rock is decidedly higher in alkalis (especially 
potash ) and silica than the main central mass. 

Another region which offers close analogies in many ways 
with that under discussion is that of Ice River, in British 
Columbia, the rocks of which, collected by Dr. G. M. Dawson, 
have been briefly noticed by A. E. Barlow.4 As the specimens 
were collected on a hasty trip, nothing is as yet known of their 
mutual relations in the area, but they form an unbroken series 
‘from the most basic ijolite containing 36.988 per cent. of silica, 
to ordinary nepheline and sodalite syenites containing 53.635 
Through the kindness of Dr. Barlow | 


per cent. of silica.’ 
have been able to examine sections of the ijolite, and it is inter- 
esting to note that, while closely analogous to the ijolites of 

*H. S. WASHINGTON, of. cit., p. 411. 

*HOGRoM, Afh. Sver. Geol. Unders., No. 148, 1895. Map Il. This is explained 
by Hégbom as due to melting and absorption of the surrounding gneiss. 

>F. Becke, Min. Pet. Mitth., Vol. XU, p. 379, 1893. 


+A. E. BARLOW, Science, N. S., Vol. XI, p. 1022, 1900. 
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Finland and Magnet Cove in most respects, yet that here horn- 
blende replaces augite, thus differing from other known occur- 
rences of this rock. It seems probable that these rocks are not 
as rich in lime as those of Magnet Cove, but higher in MgO and 
FeO 

In regard to the possible fourth type of laccolithic differ- 


ition, which was mentioned in my previous paper, namely, 


r 


with a gabbroitic or peridotitic or pyroxenitic composition, 
the suggestion may be advanced here that representatives of 
this are to be found in the numerous sheets and dikes of diabase, 
which, as is well known, seldom show marked differentiation 


b een the borders and the center. This is in accord with the 
view that in these masses the “basic”’ solvent is present to the 
almost total exclusion of the feldspathic portion. 


\s Pirsson has already pointed out,’ the viscosity of the 
magma has an important bearing on the form assumed by an 
intruded mass. The highly viscous acid magmas will tend to 
arch up the overlying strata and form high laccoliths, while the 
more fluid, basic magmas do not possess sufficient viscosity to 
do this in general, and will hence form relatively thin intruded 
sheets. But, at the same time, many of these sheets are of 
thickness sufficient to allow of differentiation, if that had been 


ssible through the composition of the magma. 


Such sheets, then, may be regarded as the basic homologues 
the acid, undifferentiated laccoliths of the Mt. Henry type, 


differing in form, but like them in that the solvent is largely in 
excess in the magma, and hence not susceptible to differentiation. 

The abnormality of covite has been briefly noted, and a few 
words must be devoted to it before bringing this paper to a 
close. It will be observed on reference to Diagram 2 that for 
this rock the positions of SiO,, Al,O,, Na,O, and K,O are 
below the corresponding abscissal points of the “normal” curves, 
while those of (FeQ), MgO, and CaO are above. In other 
words, the positions of all the constituents of covite are consist- 
ently inversions of what may be called the normal (for Magnet 


‘L. V. Pirsson, Zighteenth Ann. Rep. U. S. Geol. Surv., Pt. Ill, p. 586, 1898. 
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Cove); where the curve actually ascends, these would cause it 
to descend, and vice versa. 

Three explanations may be advanced for this. The first is, 
assuming that the covite is a primary differentiation product like 
II, II], 1V, and VI, that the course of differentiation was not 
regular, but subject to comparatively large variations of an 
irregular character. This seems to be unreasonable a priori, and 
is also rendered untenable by the great regularity of the curves, 
if this type be left out of account, by the fact that the abnor- 
malities are systematic in direction, and correspond inversely to 
the general characters of the respective “normal” curves, as 
well as by the field relations of this rock. 

Another explanation is that the covite isa mixed rock, pro- 
duced by the combination of either two differentiates of the 
magma, or one of its differentiates with foreign rock. That it 
cannot have been produced by mixture of arkite and foyaite is 
clear from the fact that many of its constituents are not inter- 
mediate between those of these two. It might have been pro- 
duced by a mixture of foyaite and either ijolite or biotite-ijolite 
though its position in the complex militates strongly against 
this view. That it is not due to a mixture of the magma, or 
parts of it, with the country rock is evident from the composi- 
tion of the latter, which is too low in MgO and CaO to form 
covite from foyaite, and too poor in alkalis to form it from the 
more basic members. Its position in the mass, between the 
foyaite and arkite, not on the extreme border, is also adverse. 

The last, and most probable, hypothesis is that the covite is 
not the result of the primary differentiation which produced the 
other types, but of a secondary differentiation of one of the 
differentiaties of the primary process. In such a further differ- 
entiation we would expect the same oxides to differentiate in 
directions like those of the primary process, but in an intensified 
degree. This, in the case of the more basic of the two comple- 
mentary secondary differentiates, would give rise to just the 
abnormalities noted in regard to covite. 

Of just what particular phase of the primary differentiation 
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this secondary differentiate is a product it is a little difficult to 
say, but the evidence of Williams’s descriptions, my own obser- 
ons, and the mineralogical and chemical data, indicate that 


Val 
it was the foyaite sub-magna (VI) which has undergone this 
further change. 

if this view be correct there must exist a complementary 
differentiate, a rock in which the positions of the various oxides 
are, as regards the ‘‘normal”’ curves, inverse to those of covite. 
That is, the loci of silica, alumina, and the alkalis would be 
above, and those of iron oxides, magnesia, and lime would be 
below, the “‘normal.’’ 

Whether we actually find this rock or not is more or less an 
accidental matter of erosion, etc. But a chemical analysis indi- 
cates that such exists in the case of the ‘“foyaite” which 
occupies the small area in the northeastern part of the main 


mass, which was erroneously colored as ijolite on Williams’s 
m This is a white, coarse-grained, holocrystalline rock, 
I 1 111 IV Ia 
Pha. + sees sce ee 53.54 53.09 49.70 53.1 .892 
\ 23.95 21.16 18.45 23.62 .234 
I oees 1.11 1.89 3.39 1.30 .007 
, 1.24 2.04 4.32 1.47 .O17 
a 0.05 0.32 2.32 0.33 -002 
| ean 0.71 3.30 7.91 1.51 | .o12 
NRsO ..acsecose 8.62 6.386 5.33 $.25 .139 
I 5.57 5.42 4-95 8.43 .094 
t I ) I.13 1.09 
iH ) 0.14 0.24 0.25 
( ee vecece 0.29 0.52 none 
trace O.I!I I 33 
I 3 0.15 0.40 . 
nstituents , 0.95 cece 1.32 
99.55 100.48 99.44 100.00 


I, Foyaite, northeast part of area. 

II. Foyaite, Diamond Jo quarry. 
III. Covite, schoolhouse, western part of area. 
[V. Mixture of eight parts of I, and one of ILI. 


. Molecular ratios of I. 


f. H. S. WASHINGTON, of. cié., p. 394, note. 
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composed of alkali feldspar, with nephelite (partly altered to 
cancrinite), and rare grains of aegirine-augite. The position of 
this, outside the zone of arkite, is where we would look for such 
a differentiate of the foyaite magma. 

The analysis, made by myself, of this rock is shown in ] 
above, those of the primary foyaite and the covite in II and III, 
the molecular ratios of 1 being given in la, for comparison with 
those of the others on a preceding page. It will be seen that 
the values obtained for the main Diamond Jo foyaite, which is 
quite typical of this rock found around the border, are inter- 
mediate in every case between those for the other two rocks, 
Reference to Diagram 2 will also make evident the fact that 
the positions of the various oxides would be, as regards the 
normal curves, exactly the inverse of those of the covite. The 
figures for the new analysis fall above or below their respective 
curves, where those of covite are below or above. This is just 
what would be expected in the case of secondary differentiates, 
as has been explained above. 

The results of a mixture of eight parts of I and one part of 
II] are shown in IV. It approximates fairly well to the compo- 
sition of the typical foyaite, especially in SiQ,, MgO, and K,¢ ), 
though Al,O,, and Na,O are considerably higher, and iron 
oxides and CaO lower. 

It may be of interest to give the calculated mineralogical 


composition of I, which works out as follows: 


to 
2 


Orthoclase 


52.3 
Nephelite 36.9 
Cancrinite - - - 2.8 
Aegirite 3 
Diopside 3-7 
Extra alumina 1.0 

99-9 


The possibility of a secondary differentiation taking place 
in a primary differentiate is, it must be conceded, difficult to 
reconcile with the hypothesis already advanced, since according 


to this the differentiation takes place by a successive crystalliza- 
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tion, 2. ¢., solidification of the magma, and any such process is, 
of course, impossible in a solid mass of rock. 

This difficulty, however, does not seem to be insuperable. 
The evolution of heat on the solidification of molten lava is a 
well-known phenomena, having been actually observed, and the 
same has been experimentally verified, and the amount of heat 


ved on the solidification of diabase has been determined by 
Barus.’ Therefore the crystallization of minerals from a molten 
magma is an exothermic change. 

It is therefore conceivable that the solidification of a lac- 
colithic mass may give rise to sufficient heat to remelt por- 
tions of it, which might easily remain liquid long enough for a 
secondary differentiation to take place. That this was actually 
the case at Magnet Cove cannot be definitely shown, but it is at 
least an explanation which has a certain degree of probability 
in its lavor. 

In regard to problems of interpolation and extrapolation, by 
which Pirsson obtained such close agreement between calculated 
and observed chemical composition, we are not in a favorable 
position, since the analyses which I have made exhaust the 
known main types of abyssal rocks at the locality. A compari- 
son of the analyses of the dike rocks given by Williams with 
the curves in Diagram 3 confirms the supposition expressed in 
my former paper that the tinguaites and the nephelite-porphyry 
are aschistic, and that the fourchites and ouachitites like the 
covite, are diaschistic. 

It was expected that the analyses of the Fourche Mountain 
pulaskites would fall in with the curves as laid down. But, 
determining the abscissal position by silica, it is found that 
Al,O,, Na,O, and K,O are below, and (FeO), MgO and CaO 
are above, what would be their ‘“‘normal’’ positions, as will be 
seen on reference to the diagram. 

Although these rocks are unquestionably derived from the 
same general magma, yet, as their distance from Magnet Cove 
is about forty miles, it is clear that we need not be surprised to 


™*C, BARuS, Am. Jour. Sci., Vol. XLIII, p. 56, 1892. 
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find discrepancies, due to differences in the process of differ- 
entiation. 

At Magnet Cove we have, without any doubt, the results of 
the differentiation in place of a small body of magma. This 
particular mass may have had originally the composition of the 
magma underlying the whole region, or it may have been itself 
a differentiate of this. Differentiation in such a large body of 
magma as that underlying the whole igneous region of Arkansas 
would naturally be likely to give rise to diverse products at 
different points, in which, however, could stiil be traced some 
of the original general characters of the whole. We are as yet 
scarcely in the position to deal with such intricate and obscure 
problems, but the results of Pirsson’s investigations and of those 
embodied in the preceding pages seem to furnish a promising 


means of attack. 


Henry S. WASHINGTON. 
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PECULIAR EFFECTS DUE TO A LIGHTNING DIS- 
CHARGE ON LAKE CHAMPLAIN IN AUGUST 1Igoo. 


\FTER a period of long continued drought, when the ground 


was very dry, a thunder shower arose in the Adirondacks, which 
passed east, crossing Lake Champlain over Westport and along 
south of the crest of Split Rock Mountain. No rain fell north 
of the top of the mountain, but a very severe storm passed to 


the south. When the storm had nearly disappeared, a sudden 
discharge of lightning passed down from the clouds, striking 
about half way down the northern slope of the mountain, entirely 
outside of the rain area and into the dry trees and rocks. 
In about a half a minute a cloud of what appeared to be dust 
could be seen rising from among the pines and juniper bushes. 
This, however, in a couple of minutes proved to be smoke, and 
in less than five minutes a very well developed forest fire was 
under way. Fortunately, a number of persons saw the discharge 
and saw the fire start, and immediately hastening to the spot 
were able to extinguish the fire before it had burned over more 
than a small fraction of an acre. 

[he peculiarity of the discharge was immediately observed 
upon coming upon the locality. An old pine tree seemed to have 
received the most severe part of the discharge and was badly 
splitin the familiar manner. In addition to this, however, a num- 
ber of places were immediately noticed where the lightning had 
struck either into the rocks or into the dirt overlying the rock. 
In two cases the discharge into the rock was of such force as to 
lit the rock, tearing up fragments weighing as much as fifty to 
one hundred pounds and scattering them about. In other places 
the discharge upon the rock was comparatively slight, producing 


iply small fractures in the rock, and in some cases the effect 


Sin 


was so slight as to simply remove the dry moss, leaving a 
small white spot not as large as the finger-nail. These partial 
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discharges of such varying force were scattered over an area of 
perhaps thirty to forty feet square, the more violent ones being 
within twelve or fifteen feet of each other, Upon examining the 
point at which any one of these discharges struck, a white incrus- 
tation was apparent upon the rock, as if white paint had either 
been spattered about or had been spread over as a rough, branch- 
ing, straggling line. These white incrustations, in some cases, 
could be traced for a foot or more down into the cracks between 
the rocks. In other cases, they were mere spots. These white 
streaks were, undoubtedly, the paths along which the electricity 
ran, anda superficial examination showed that the white was due 
to an incipient fusion of the surface of the rock. Unfortunately, 
it was not practicable to get satisfactory photographs of these 
markings or to bring in large specimens. Small specimens, how- 
ever, were brought in, and have been subjected to investigation. 

The probable explanation of the scattering discharge of this 
particular lightning is to be found in the extreme dryness of the 
ground. The cloud charged with electricity would, of course, 
induce the opposite kind in the trees and rocks immediately 
beneath it. Then, when the discharge came, it was necessary 
that each prominence should discharge to the cloud individually, 
because the ground connecting the different prominences was 
too poor a conductor to rapidly collect the quantities of elec- 
tricity and discharge them through a single point, as is usually 
the case. 

WILLIAM HALLock. 


COLUMBIA UNIVERSITY, 
New York City. 
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STUDY OF THE STRUCTURE OF FULGURITES. 
ie obscure problems in structures occurring within artifi- 


id natural glasses (rhyolites, tachylites, etc.) receive light 


cia 
from the study of fulgurites, as representatives of instantaneous 
fusion, and frequently, as it will be shown, of equally rapid 
devitrification. 


litherto, however, a constitution of homogeneous glass has 
been universally observed, under the microscope, in all sand- 
fulgurites, without the least trace of devitrification in the largest 
masses.’ Occasional cloudy stains of brown iron-oxide and 
black manganese-oxide have been noted, and frequent enclosure 


of remnants of quartz-grains? and of bubbles, both more abund- 


ant near the outer walls of fulgurite.s In rock-fulgurites, a 
single instance of devitrification has been recorded. The results 
of examination of four fulgurites will now be described. 


Fulgurite (lightning-tube) from sand, Poland; a small 
fragment, together with thin cross-sections, prepared by Mr. 
James Walker, of the New York Microscopical Society. This 
fuleurite is of small size, from 5 to 8™™ in diameter, with central 
aperture or lumen usually 2.5 to 4™" in diameter, and glass wall 
varying mostly from 0.6 to 2.0™™ in thickness, roughened out- 
wardly by adhering sand-grains in a continuous coating. The 
| ymicrographs (Figs. 1 and 2) may serve to explain certain 
features as yet unrecognized in other fulgurites. 

[he wall presents, under low magnifying power, an appa- 
rently homogeneous glass, streaked by occasional cloudy wisps 

“A Perfect Glass,” ARAGO (Amn. a. Ch. et. d. Phys., Vol. XIX (1821), p. 290) 
ar | later investigators. 

Von GUMBEL, Zeits. d. D. geol. Ges., Vol. XXXIV (1882), pp. 647-648. 

S. DILLER, Am. Jour. Sci., Vol. XXVIII (1884), pp. 252-258. 

7. P, MERRILL, Proc. U. S. Nat. Mus. (1886), p. 84. 


Best shown in the longitudinal and cross-sections of a sand-fulgurite by A. 
W MANN (Zeils. d. D. geol. Ges., Vol. XXXV (1883), Pl. XXVIII). 
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of brownish and reddish iron-stains, and besprinkled with t 
swarms of bubbles of varying size. a 
The inner surface of the lumen is for the most part smooth s 
and shining, with boundary sharply defined in cross-section | 
i 

t 

é 

‘ 








Fic. 1.—Sand-Fulgurite, Poland. X10. Photomicrograph of cross-section. 





(Fig. 1), as in other fulgurites; but, here and there, a few 
points, pustules and needles of glass are found to project, of a 
length up too.17™". For the origin of the central lumen an 
explanation long accepted has been that suggested by Watt for 
the hollows in a fulgurite-mass, “the expansion of moisture 
while the fusion existed.t In this cross-section the outline is 


' Phil. Trans. Roy. Soc. Lond., Vol. UXXX (1790), p. 302. 
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nearly circular, with maximum and minimum axes as 4: 3; in 
another it is still more elliptical. This difference, common in 
sand-fulgurites, has been attributed to distortion of the tube by 
pressure of the surrounding sand upon the fulgurite while still 
plastic. In one cross-section, one side of the tube appears 
partly crushed together, with coalescence of opposite parts of 
the wall into a blebby mass of coarse bubbles and partial oblit- 
eration of the lumen. The characteristics of such a fulgurite 
seem therefore to be naturally divided into those developed 
during the sudden dilatation of the tube, and those which may 
have ensued during its quick compression and in places partial 
col apse. 

In regard to the distribution of the bubbles or vesicles, three 
vagucly marked bands may be distinguished :* a marginal tract, 
next the lumen, comparatively free from vesicles and clear: a 
middle portion of the wall comprising most of the larger 
vesicles; and the gathering of dark swarms of the more minute 
vesicles toward the outer margin. 

(he last (partly shown in Fig. 2) vastly predominate in 
number over the larger vesicles, are almost universally spherical, 
vary greatly in diameter down to I or less, and compose the 
dark clouds, seen under low magnifying power, on inner side of 
sand-grains adhering to outer side of the wall. Others are also 
dispersed more irregularly in lines and bands through patches of 
the glass (best shown under magnifying power of at least 300 
times). A careful search was made among these dark bubbles, 
particularly the most minute, by means of a tenth-inch objective 
of good definition, for traces of enclosed water, but no liquid 
could be distinguished. From this I conclude that any watery 
vapor, derived from moisture present in the sand, has been mostly 
expelled in the explosions, and also that this has probably had 
far less to do, in expansion of the lumen and formation and 
compression of bubbles, than the elastic force evolved by sudden 
heating of the large volume of air occupying the interstices of the 

‘In a fulgurite from Milton, Florida, no definite order of arrangement occurred. 


(MERRILL, Joc. cit., p. 90). 
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sand-grains. The bubbles should therefore be more properly 
denominated air-vesicles (/uft-blasen) than vapor- or steam-cavi- 
ties (dampf-poren. ) 

The larger vesicles, which mostly occupy the middle part of 


the tube-wall, seem to have been produced by crowding together 











Fic. 2. The same. X50. Part of wall. 


and coalescence of smaller ones. The largest, which have been 
perforated and emptied, in making the thin section, present light 
outlines, up to 0.2 to 0.3™" in diameter, mostly elliptical, but 
also oval, pearshaped, lenticular, triangular, or squeezed together 
in groups, with contiguous walls flattened by pressure in direc 
tion tangential to the tube-wall. Even a particular vesicle may 
vary much in size and in form of cross-section at different 


depths, as if distorted after formation. The longer axes of the 
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elongated vesicles are in general disposed radially* toward the 
lumen of the tube, though occasionally one may lie obliquely or 
even at right angles to that direction, as if twisted around by a 
sudden thrust. All the facts seem to point to strong lateral or 
tangential compression of the vesicles within the surrounding 
glass wall, and to their consequent extension and distortion in 
the direction of relief.? 

[he sudden expansion of air and vapor by the electric dis- 
charge has thus effected the dilatation of the lumen, the genera- 
tion of bubbles throughout the fused glass, and the coalescence 
of those first formed into the larger vesicles. The relief of this 
tension outwardly, toward the margin of the tube, first caused 
the radial elongation of the larger vesicles and extension of 
conical projections and wings from outer side of the plastic tube, 
aided, doubtless, by lateral offshoots of the electric current.3 
Then, in the moments succeeding the passage of the main cur- 
rent, the effects of sudden condensation, lateral contraction and 
recoil are shown in the instances of partial collapse of the tube, 
in the reverted distortion of vesicles, 2. ¢., inwardly toward the 
lumen, and in explosion of some bubbles nearest the lumen into 
pustules and points of glass over its surface. Where the glass 
retained its plasticity longer, the vesicles have recovered their 
normal spherical form; this condition seems to have been 
regained in nearly all fulgurites whose vesicles have been care- 
fully examined by others. It is to be noted that elongated 
vesicles in radial position have been recorded in only two cases 
of rock-fulgurites, in both within partially devitrified glass, as 
found in one by Rutley and in the other by Wichmann; in the 
latter case (viz., fulgurite III, beyond) I have made the same 

\ position already recognized in other fulgurites by Wichmann and Rutley. 

One writer considers “this radial arrangement . . . . possibly indicative of a 

mentary crystallization in the fulgurite glass” (RICHARDSON, Alin. Collector, Vol. 
I 1896), p. 132). 

> MERRILL, /oc. cit., 87. One consequence of these offshoots, and of the ozonized 

sphere thereby developed, is shown in the reddish stains, due to oxidation of 

, in the sand surrounding a fulgurite, to the distance of 3 or 4 inches; ¢. g., in that 


nd near Starczynow, Poland (RoEMER, JN. Jahré. f. Min., 1876, pp. 33-40). 
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observation, in addition to fulgurites I, II], and IV. Their 
exclusive association, therefore, with devitrification may be a 
consequence of more sluggish movement and imperfect recovery 
from distortion within the more viscous crystallite-laden glass. é 

Another feature, quite distinct in the vesicles of larger size, 5 


is the separation of each from the surrounding glass by a limpid 


pellicle, never exceeding 0.2m in thickness. This appears both ‘| 
in cross-section, with sharply differentiated outlines, and also in . 
jagged remnants around the margin of an emptied vesicle, on 
surfaces of the thin section, like the edges of a broken eggshell. 

It.may be considered a glass coating, suddenly chilled and | 
condensed in contact with the bubble, at first consolidation of 


the tube-wall. 
Around the outer margin of the wall occurs, as usual in 


sand-fulgurites, a continuous row of adhering sand-grains (Fig. 





1), semi-fused and to that extent rendered white and opaque. 
These grains are partly rounded and from 0.2 to 0.6™™ across. 
All were successively examined around the thin cross-section by 
the usual optical methods, those of feldspar being generally 
recognizable by traces of cleavage, cloudy alteration, oblique 
extinction, lower interference-colors than those of quartz, and 
more or less complete biaxial interference-figures, whose nega- 
tive character could often be distinguished. Out of 35 grains 
23 were identified as orthoclase, the remainder as quartz. In 


the more angular grains wavy extinction testified to remaining 


lv 
te 


mechanical stress. The indications are that the original sand 
was very fine and highly feldspathic, free from mica and with 


few ferruginous particles. 


Fn he Slew y xT 


While the outer extremity of a sand-grain, so attached to 
the glass wall, often retains its translucency and color entirely 
uninjured by the electric discharge, this is sharply divided from 
an altered milk-white inner portion, in which the change con- 


sists mainly, with quartz, in very minute fracturing and conse- 





quent opacity. rhis passes, with feldspar, into a translucent 
border, next the glass, in which minute needles or crystallites 


abound, suggesting immediate devitrification after fusion. From 
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this border very irregular milky threads descend into the glass 

a confused network, swarming with the most minute air- 

bbles, approaching I or 2 in diameter. In this vicinity, also, 
fibrous threads or streaks of glass occur, which display, between 
-rossed nicols, feeble colors of aggregate polarization. 

On reception of this fulgurite from Mr. Walker, he stated: 

[ have noticed in several places on the outside of the tube 
some very fine threads of fused quartz, like delicate 
der-webs, connecting the sand-grains, as if the partly fused 
rains had been forced apart while still soft.” This new feature 
fulgurites I can confirm. The glass threads are colorless, 
wnish, or sometimes black; generally smooth and glistening, 
t occasionally roughened; more or less curved; passing from 
grain to grain of the adhering sand, but sometimes projecting as 
if broken; mostly 0.4 to 1.1™" in length, and 0.015 to 0.04™™ 
in width.t In the glass between neighboring sand-grains many 
minute round holes are also perceptible? under a low magnify- 
ing power, apparently produced by exploded bubbles. In sev- 
eral cases, in the glass behind a sand-grain, there is a limpid 
band with faintly marked outline (best shown in photomicro- 
graph, Fig. 2), the latter corresponding to the back contour of 
the sand-grain. This must mark its original position before it 
was jerked outward to a distance of half its diameter and the 
space behind filled in at once with clear glass, distinct because 
free from bubbles. To the force and extent of this outward 
rk, in some instances, the glass threads doubtless owe their 
formation, 

Between crossed nicols the thin section at first appears dark, 
like a homogeneous glass, with the exception of the ring of 
highly refracting sand-grains outside and occasional gleams of 
reflection from scattered air-vesicles. In ordinary light, under 

*A coating of sublimed silica is often found upon the carborundum crystals 


manufactured in the electric furnace at Niagara Falls. The interlaced threads of 


juartz of which it is composed much exceed the dimensions of the natural threads 
ibove described. They differ also in the variation of diameter in a thread and in the 


ymmon occurrence of a peculiar beading along many threads. 


? MERRILL, /oc. cit., p. 84. 
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low magnifying power, a faint granulation is discernible through- 
out the glass. This is resolved under higher power ( X 300) 
into an irregular, sparse to abundant distribution of crystallites 
through a predominant glassy base, from the margin of the 
lumen to the fusion-border of the sand-grains. No special 
concentration occurs, except in occasional richer wisps and 
streaks, like diffusion-streams, across minute patches of clearer 
glass. In general they are scattered in the same way among 
and near to the air-vesicles. In some cases, however, an elon- 
gated vesicle is surrounded by a band of perfectly clear glass, 
free trom microlites, 5 to 10m in width, which broadens to 20 or 
30m opposite the ends of the major axis of the vesicle. This 
has been plainly due to compression and extension of an 
original envelope of viscid glass, chilled and consolidated by 
proximity of the vesicle, before devitrification could take place 
within this envelope. But in general throughout the glass we 
may recognize one condition that has favored crystallization, in 
the influence of absorbed vapors, through the abundantly inter- 
mixed bubbles.’ 

These microlites are straight or curved, sometimes lath- 
shaped, less than Im in length in some cloudy aggregates, but 
largely 3 to 13m, or even extend into threads, often bent or 
crooked, 30 or 40m in length. They lie in all positions and 
never display any fluidal arrangement,’ though the larger num- 
ber seem to be radially disposed toward the center of the ful- 
gurite-tube. Between crossed nicols the microlites exhibit very 
feeble double refraction, mostly pale gray, here and there 
brightening into pale greenish-white of the first order. All 
these forms appear to represent the regeneration of feldspar. A 
very few margarites were also distinguished, and one spherulite 

* As in the pumiceous glass of the fulgurite of Little Ararat III, as well as in the 
devitrified glass of Monte Viso, of which Rutley states that the vesicles are sometimes 
so closely packed that the glass is quite spongy. However, the pumiceous glass of 
other fulgurites has been found entirely homogeneous. 


?In fulgurite-lumps from Florida, Merrill recognized a fluidal structure in the 
homogeneous glass near bubbles, “as if by sudden expansion of a steam-bubble in 


the plastic material ”’ (/oc. ct#., p. 87) 
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of about 3m diameter, made up of concentric shells, which 
exhibited a faint cross, remaining fixed on rotation. 

[his unique occurrence of devitrification in the glass of a sand- 
fulgurite is perhaps mainly connected with the high proportion 
of feldspar in the original sand. Such a chemical constitution 
must have approached that of the rhyolite’ used in the experi- 
ments of Barus and Iddings, whose viscosity and whose electric 
conduction, when fused, were both found to exceed those of the 
less acid rocks, and led to the conclusion that ‘electric conduc- 
tion increases with the degree of the acidity of the magma. . . . 
Since fusibility decreases in a marked way as the composition 
of the magma approaches pure silica, it follows that, in a series 
of different magmas, electric conduction at any given tempera- 
From this 


ture increases in proportion as the viscosity increases. 
it must be inferred that the more quartzose sands, when once 
melted by a lightning stroke, have offered the viscous medium 
of readiest passage to the current. 

Exception has been rightly taken, however, to the assump- 
tion that the material of a fulgurite-tube was necessarily or 
entirely ‘quartz-glass.”*? The general distribution of feldspar 
in notable quantity through ordinary sands is a fact in favor of 
the suggestion of Wichmann and Harting, that the minerals of 
comparatively ready fusibility have served as flux and thus 

led in reducing the more refractory. Particularly then in 
this fulgurite do we need to consider not only the relative fusi- 

ties of feldspar and quartz, but also the relative degrees of 
their solvency in contact with the first formed portion of molten 
glass, doubtless so instantaneous in formation as to be independ- 
ent of all differences in fusibility, solution, conduction or any 
er property of the various sand-grains. 
To throw light on this question and on the variations, 


recorded beyond, in devitrification of such natural glasses, a 


c 2 


"Silica, 75.5 per cent.; alumna, 13.25; soda, 4.76; potassa, 2.85, etc. Heated in 


2 
itinum crucible, it melted at 1500° C., was very viscous (“a stiff paste”) even at 


, and quite viscid at 1700°. Am. Jour. Sci., Vol. XLIV (1892), pp. 242-249. 
?See v. GUMBEL, oc. cit., and idem. Vol. XXXVI (1884), pp. 179-180, and criti- 


n by A. WICHMANN, 
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preliminary examination was made of a specimen of artificially 
vitrified gneiss, with brown glassy fracture, obtained from the 
hearth of a limekiln at Tuckahoe, N. Y. This had been evi- 
dently thoroughly roasted and deprived of moisture but not 
fused (as the gneiss structure still perfectly survived, in the 
undisturbed parallel biotite-scales), saturated with slag from the 
kiln, and finally thrown out and slowly cooled upon the refuse- 
dump. Ina thin section under the microscope, the results of 
the action of fused glass upon the original minerals of the gneiss 
were found to be as follows: a slight solvent attack upon the 
biotite, rendering it in part opaque, with brown haloes and 
cloudy wisps of iron oxide feathering out into the adjacent 
glass, apparently by quiet molecular diffusion; a decided but 
partial solution of the quartz, of which a small portion survived 
in angular remnants, still in place; and complete solution and 
disappearance of the feldspar. The main mass of the saturated 
rock had thus been converted into pure colorless glass, with a 
few coffee-colored stains, without any trace of crystallites or 
new stony matter, notwithstanding its slow cooling. However, 
globules of clear glass, about 0.5™" in diameter, were abundantly 
interspersed, colorless like their matrix and with little adherence, 
since many had become loosened and removed from the surface 
of the thin section during the process of grinding. It was con- 
sequently inferred: 

1. That minerals of acidic constitution, feldspar and quartz, 
may be largely carried into solution, in contact with fused glass, 
at a temperature below their thermal melting points 

2. That their fused products tend to cohere im situ in sphe- 
roidal globules, through possession of a different degree of 
density, viscosity and contraction on cooling, from that of the 
surrounding glass. 

3. That the process of devitrification has been prevented in 
this vitrified gneiss by the peculiar constitution, probably the 
acidity, of the unsaturated glass, and by an insufficient period of 
cooling. 

In the development of a sand-fulgurite by almost instantaneous 
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fusion, it is unlikely that any selective power could have been 
exerted among the sand-grains, through their slight variations 
in fusibility, conductivity or other property. All within a radius 
of a few millimeters were suddenly and completely fused, with 
a limitation so sharply defined, in this fulgurite, that, in any 
sand-grain, the quartz or feldspar may remain entirely unaltered 
within an interval of about 0.02™" of the same material fused 
and again devitrified. The molten mass of its wall became a 
supersaturated solution of feldspar, with specially strong sol- 
vency, however, toward any external quartz-grains within its 
reach, through the tendency to form more acid silicate. Such 
action probably accounts for the increased amount of silica 
which has been determined in fulgurite-glass over that in the 
original sand in several instances. In this fulgurite also the 
weponderance of feldspar over quartz in the attached sand- 
grains may possibly have become exaggerated by the slower 
solution of the former mineral. 

[he view has been advanced ? that a selective power of fusion 
has been exerted by the electric current among the grains, but 
without regard to their fusibility : the poorer conductors (quartz- 
grains), offering so strong resistance as to become heated to the 
point of fusion, those substances which are the best conductors 
(iron-oxides and feldspars) escaping with least injury. It is 
notable, however, that it is not a good conductor but quartz only 
which has ever been recognized in remnants of grains inclosed 
in the glass of other sand-fulgurites, and that no remnants what- 
ever are enclosed within the glass of this fulgurite, apparently 
because so rich in flux. 

[hree rock-fulgurites will now be described in the order of 
increasing devitrification. 

‘In a fulgurite from Union Grove, IIl., silica 91.66 per cent. in the glass to 84.83 
in the sand; in another, 95.91 in the glass, to about 90 in the sand. (MEKRILL, 


it., p- 85.) 

? MERRILL, (oc. cit., p. 87. Diller notes, however, in a fulgurite on hypersthene- 
basalt, that the sequence of alteration is according to degree of fusibility of the com- 
Pp nts of the rock, greatest in the groundmass, then hypersthene, then feldspar, and 


t in olivine. 
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Il. Fulgurite on gneiss, near Split Rock, Lake Champlain, New 
York; specimen collected by Professor William Hallock, of 


Columbia University, immediately after the lightning-stroke, as 
described in his accompanying article. Thin sections of this 
granite-gneiss were prepared, one in plane parallel to and within 
about 0.03™™ of the fulguritic crust, the other in cross-section. 
The rock is found to present a surface somewhat dulled by 
weathering, and to consist, to about 70 per cent. of its volume, 
of feldspars, microcline, microperthitic orthoclase and a little 
plagiuclase, besides much quartz and a small amount of mag- 
netite, biotite, garnet, and rutile, but no trace of fulguritic glass. 
No undulatory extinction occurs between the nicols, as evidence 
of strain. 

The fulgurite-pellicle is entirely superficial,’ brittle, and with 
slight adherence to the rock, from 0.1 to 0.3™™ in thickness, 
nearly white, consisting chiefly of a minutely blebby hyaline 
crust with blistered, glistening surface, whose bubbles, rarely 
exceeding 0.2™" in diameter, are nearly spherical but somewhat 
elongated normally to the surface of the rock. On careful 
examination of these, in a flake mounted in balsam, under a 
good tenth-inch immersion objective, no water of condensation 
could be detected in any vesicle. 

Many short glass: fibers occur, sometimes with globular ends, 
resembling some of those in “Pele’s Hair” from the crater of 
Kilauea, Hawaii. This white pumiceous slag is quite uniformly 
attached to the predominant surfaces of feldspar, though pierced 
by the uncovered gray grains of quartz. It is dispersed over 
the rather even surface of the hard gnejss in radial, somewhat 
dendritic forms, often many inches in length, thinning out into 
feathery fleeces at the margins. Wherever these pass over 
minute plates and seams of the dark minerals of the rock, the 
blebby fulgurite assume a yellow, red, brown, or black color, as 
a dark enamel, or in the form of tiny spherules.? 

‘ Similar superficial films of fulgurite have been often observed, by Humboldt in 
Mexico, by Brun in the Alps, by Ramond on mica-schist, on limestone, and on phon- 
olite in the Pyrenees and Auvergne. 


2 Over the fulgurite-crust on hornblende-gneiss at Mount Blanc distinct white and 
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The white material, when flaked off and mounted in Canada 


balsam, reveals a limpid glass, dispersed with very few and 


mi 


nute straight microlites and very rarely rhombic plates; the 


latter display rather bright interference-colors between crossed 


n 


rel 


ols and parallel extinction.‘ Where thinnest, the glass 


nains isotrope and dark, while the thicker portion, generally 


toward the center of the flake, glows with the greenish-white of 


the first order of Newton’s colors; in places the color reaches 


th 





sky-blue of the second order, exactly like a thin scale of 
inderlying feldspar. The indications are that devitrification 
begun, throughout the glass, in globulites too extremely 
ite for distinction, even under high magnifying power, but 


se concentrated effect in depolarization becomes visible, 


tween the crossed nicols, in the thicker parts of the flakes. 


flakes of brown or colored glass, however, are found to be 
formly isotrope. It should be noted that, as the greater 
kness of these flakes approaches or exceeds 0.5™™, it is 
bable that the presence of crystallites might hardly have 
n recognized in a ground section of the ordinary thinness, 
2 to 0.05™". In such an investigation plane surfaces are not 
ispensable, and the examination of splinters of a glass may 
ve an important office. Evidences of incipient devitrification, 


fulgurites and other glasses, have possibly escaped detection 


observers relying entirely on examination of thin sections. 
[he facts above described lead to the following conclusions: 
1. We have here to do with different conditions from those 


globules were dispersed: “the fused surface of each crystal solidified almost 
y in situ, except where sputtering of the molten matter was caused” (RUTLEY> 
Jour. Geol. Soc. (1885), pp. 152-156). The inclosed globules in the slag- 


ited gneiss of Tuckahoe may represent a similar tendency to isolation. 
Che homogeneity of glass which apparently prevailed in all fulgurites examined 
1e early observers led naturally to the statement in 1884 that the absence of crys- 


es “may be used as a means of distinguishing fulgurite from other natural 


ses” (J. S. DILLER, Am. Jour. Sci., Vol. XXVIII (1884), pp. 252-258). In 1889, 


y made the first and hitherto the only record of the occurrence of devitrifica- 
in a vesicular fulgurite-glass on glaucophane-schist, at Monte Viso, Cottian Alps. 
crystalline forms consisted of globulites, margarites, and longulites, and even 
netrical microliths (Quar. Jour. Geol. Soc., Vol. XLV (1889), pp. 60-66). 
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which attended the sand-fulgurite I, viz., the lessening force of a 
divided electric current, passing over the surface of a compact 
rock-mass. The effect of the electric action on this solid sur- 
face of gneiss has been more diffuse, feeble, and superficial than 
in the sand-fulgurite, and, in this case, confined to the feldspar- 

2. The fulgurite crust has been produced almost entirely by 
fusion of surfaces of feldspar-grains rather than of quartz, and 
in small degree by that of the iron-containing minerals. The 
property of fusibility, rather than that of imperfect conduction, 
has determined the amount of attack on each grain. Each kind 
of glass, colorless and colored, is sharply confined to the min- 
eral surfaces from whose fusion it originated, with little tendency 
to intermixture. 

3. The bubbles throughout the fulgurite-crust owe their for- 
mation chiefly to expansion of air, and in part doubtless of 
steam, derived from moisture in the weathered surface of the 
rock. Their sputtering explosion has probably produced the 
tiny fibers over the blebby surface. 

4. The surprising partial devitrification, which has instanta- 
neously followed fusion throughout the delicate white pellicle, 
has been evidently facilitated by the supersaturated feldspar 
solution of which the molten glass almost entirely consisted, 


and by its consequent unstable molecular condition. 


Ill. Fulgurite in augite-andesite, summit of Lesser Ararat, 
Armenia. The specimen was one of those collected by Dr. E. 
O. Hovey, of the American Museum of Natural History, New 
York. 

The fulgurite material from this peak has received repeated 
study in the field or laboratory by successive observers. Abich' 
detected only pure glass in the fulgurite, but in such abundance 
that he suggested the name “ fulgurite-andesite”’ for the mate- 
rial on the apex of the peak. Gustav Rose* also came to the 
same conclusion, and determined the difficult fusibility of the 

* Sits. Akad. Wiss. Wien, Vol. LX (1870), I. Abth., pp. 153-161. 

* Zeit. d. D. geol. Ges., Vol. XX V (1873), pp. 112, 113. 














wre go ee 





be 5 








STUDY OF STRUCTURE OF FULGURITES 687 


glass on thin edges. A. Wichmann‘ made the most careful 
petrographic study of this and other fulgurites and distinguished 
this as ‘entirely homogeneous glass,” without any alteration of 
the andesite at the sharply defined contact. He considered the 
bubbles as vapor-cavities (dampf-poren), and gave a clear repre- 
sentation of the structure of a lightning-tube in a well-drawn 
cross-section. The results of my own examination, which follow, 
differ in some important particulars. 

The augite-andesite of this peak, though consisting of fresh 
plagioclase-feldspar, with some partly decayed augite, horn- 
blende, orthoclase, and magnetite, is deeply disintegrated by 
weathering, so that, in some blocks, its grains crumble readily 
under pressure from one’s fingers. It is also traversed, even in 
the most solid material, by numerous cavities and channels, a 
few millimeters in width, of most irregular form, crossing and 
connecting with each other at intervals of a few centimeters. 
Most of these passages, in the more decayed specimens I have 
examined, in the collection of Dr. Hovey, are one or two centi- 
meters in width, and often coated by the olive-green fulgurite 
glass to a depth of 1 to 1.5™"; some are even solidly filled up 
by the glass, with a cross-section of 5 to 8™" in diameter or 
over. Other cavities of exactly the same form and size were 
noticed, adjoining but not connecting, which are now and appear 
always to have been entirely free from fulgurite. Most, if not 
all of these, therefore, seem to be preéxisting cavities, later 
occupied in many cases by fulgurite. A confirmation of this is 
found, by optical examination of the thin sections, in the absence 
of undulatory extinction in the grains of minerals adjacent to 
the fulgurite, 2. ¢., the lack of any indication of strain likely to 
have resulted from actual perforation of the rock by lightning. 
On the other hand, certain other specimens in the collection 
from the same peak are penetrated by cylindrical winding tubes,’ 


* Jdem., Vol. XXXV (1883), pp. 849-8509. 
*The approximately cylindrical form of the latter, and their curved windings, 
have been well represented by Rutley, from the fulgurite furrows on glaucophane- 


schist at Monte Viso, Cottian Alps (/oc. ci#., plate). 
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lined or filled with the dark glass, which seem clearly to owe 
their perforation to the action of electric discharges upon more 
disintegrated blocks of the crumbling rock. 

The glass is found to be rich in bubbles, especially toward 
and near the surface of the inner rock-wall, and in places even 
blown up into blebs and blisters. All of the smaller vesicles and 
most of the larger are approximately spherical. In none of 
these could any water of condensation be discovered under a 
tenth-inch objective; their contents appear to be entirely gas- 
eous, 2. ¢., chiefly derived, in all probability, from expansion of 
air rather than steam. Many of the larger vesicles present a 
more or less elongated form, with major axis always arranged in 
position at right angles to the adjacent rock-wall. This distor- 
tion of vesicles in the glass of a rock-fulgurite may be always 
attributed, in my opinion, entirely to the reaction of pressure 
inward, 2. ¢., toward the lumen, which has instantaneously fol- 
lowed the passage of the electric discharge, mainly from expan- 
sion of the collected bubbles, partly from increased volume of 
the glass during fusion of the rock. 

When crushed splinters of the glass are examined, though 
found sometimes entirely amorphous, as reported by Wichmann 
and others, it is also in places rich in bunches of stony matter, 
isolated needles (with bright interference-colors between crossed 
nicols and parallel extinction) and clusters of microlitic fibers, 
sometimes radiating around a bubble. 

Again, at the line of contact between this glass and the ande- 
site-wall, an intermediate stony layer occurs, 0.15 to 0.70™™ in 
thickness, containing a few obscure outlines of bubbles. This 
plainly consists of wholly devitrified glass, made up of a felt of 
irregularly crossing needles, fibrous curved wisps, or straight 
bundles, some rectangular in form, 0.08 to 0.20™™ in length, 
whose axes lie mostly parallel to the line of contact with the 
adjacent rock-wall. In the straight bundles an extinction-angle 
of about 19° is uniformly obtained, often with undulatory phase, 
and all offer the characteristics of orthoclase. There is a remark- 
able resemblance, if not identity, of these fibrous aggregates, in 
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form, structure, and optical character, to the artificial microlitic 
bundles obtained in the experiments of J. S. Diller (loc. cit.) 
by long fusion of amorphous fulgurite-glass in crucibles. 

ihe difference of the above results from those hitherto 
reported from study of the fulgurite of this peak may be 
attributable to variation in the structure of the fulgurite, particu- 
larly in regard to devitrification, in different parts of the surface. 


IV. Fulgurite from summit of Central Butte, Little Missouri 
Buttes, Wyoming; specimen collected by Mr. John D. Irving. 
This is a small fragment of phonolite, apparently from the edge 
of intersection between two joints, down which corner the fulgu- 
rite runs in a shining, cream-colored, slightly brownish crust, 
about 15™" wide and 3™™" thick. Ona fractured cross-section it 
shows distinct lamination parallel to the surface of contact, as if 
the latent structure had been developed by weathering. 

The rock consists mainly of orthoclase-phenocrysts, whose 
idiomorphic character is obscured by fractures, imbedded in a 
smaller volume of granular, somewhat ochreous holocrystalline 
groundmass, through which needles of hornblende, plagioclase, 
apatite, and granules of magnetite are dispersed. Between the 
crossed nicols, the transparent minerals, in a thin section, gener- 
ally display a decided undulatory extinction, in evidence of con- 
dition of strain. 

This fulgurite exhibits under the microscope the unique char- 
acter of a wholly devitrified mass, light brownish-gray, delicately 
laminated in cross-section (a, Fig. 3) by a very irregular flow- 
structure,’ with interruptions and intersections of laminz sug- 
gesting those observed in the cross-stratification of certain sand 


deposits. Some laminz, especially near the contact-line (e. g., 
just below c’ ), are bent and faulted, with ends slipped past each 
other. The thicker lamine consist of very minute, colorless 


‘Compare the thin underlying coat, in which fusion is less complete, with dark 
fluidal banding, and which envelops numerous crystal remnants, described by Diller 
in the “mixed zone” of fulgurite-glass in immediate contact with basalt at Mt. 
hielson (/oc. cit.). Of this he states, it is difficult to conceive how it has been pro- 


ed, “‘unless it is due to the repulsion of the particles among themselves.” 
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needles, fibers, and granules, in an irregular felted mass, through 


which obscure circular and elliptical outlines (6, etc.) indicate 
the position of numerous original bubbles, now flattened, freed 
from gas, and even partly obliterated. With this darker 


material, evidently entirely devitrified glass, there occur frequent 





> 
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Fic. 3.— Rock-Fulgurite, Wyoming. x 50. Cross-section of contact. 


alternations (d, d, etc.) of thin films of a microscopic breccia or 
‘‘mylonite,” shining brightly between the crossed nicols. This 
is composed apparently of rock-dust,’ made up chiefly of angu- 
lar splinters of feldspar; a few coarser fragments of the same 
are also irregularly interspersed (f). Along the line of contact 
(d@’), the same angular dust is drawn out in streaks or gathered 


* Apparently related to the opaque whitish layer, between the glass and rock, in 
PE paq g 


the fulgurite of Monte Viso, and referred by Rutley to altered titanite. 
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in embayments. Its origin is well shown next the Carlsbad- 
twin of orthoclase (c—c’), whose outer end (c’), projecting into 
the fulgurite current, has been shattered into this dust to a 
depth of o.1™", seemingly after the adjoining fulgurite laminze 
had somewhat consolidated. This and other feldspar-grains 
lying along the edge of the stream, have been completely 
encircled by fulgurite, with an inner film of angular dust, mark- 
ing the outline of the minutely shattered surface of feldspar. 
This micro-breccia is brought out between the crossed nicols in 
distinct bright stripes. The phonolite groundmass generally 
shows rather deeper embayments by fulgurite-attack than the 
feldspar-grains ; but the hornblende-needles seem to lie entirely 
unaffected, even in immediate contact (/#) with the fulgurite- 
stream, 

It is possible that the devitrified crust which constitutes this 
fulgurite may be a remnant of an inner stony layer (as in Ful 
gurite III), from which a glass-coating may have been scaled 
off during weathering; but of the latter there is no evidence, 
and the stony crust now occurs coated by small lichens. Yet 
the peculiar structure of this crust, with its alternations of 
micro-crystalline and of micro-brecciated lamine, signifies that 
devitrification has not been a secondary process due to weather- 
ing of a glass. 

RESUME, 

Considerable variation appears, in the characteristics of these 
rock-fulgurites, from two probable causes: the variations in the 
electric current, in regard to volume, intensity, duration, and a 
probable series of successive discharges, in some cases, within 
the same fulgurite (IV); and the difference of the rock-material 
in the three specimens, gneiss, andesite, and phonolite. 

In regard to the duration of a lightning-flash, it is under- 
stood not to have usually exceeded one hundred thousandth of 
a second (Sylvanus Thompson). The discharge is known to be 
oscillatory, surging back and forth, and even in many cases, like 
that observed by Professor Hallock, apparently persistent and 


continuous for some moments. Nevertheless, allowing for the 
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long retention of the image of the flash upon the retina, its 
duration is rarely likely to have much exceeded the above 
quoted minute interval. 

The results of the electric action are of two classes, super- 
ficial and internal. 

The superficial consist, in succession, of fracture of outer 
pellicle of exposed minerals: fusion ¢m stfu of the surface of 
more fusible grains: and development of bubbles in the enamel 
of molten glass from expansion of moisture and air, with fre- 
quent explosions and spattering of glass globules. 

The internal results comprise the penetration of preéxisting 
cavities of the rock, and often the actual piercing of surface. of 
outcrop or blocks, if softened and disintegrated by weathering, 
by lightning-tubes of symmetrical cross-section, as well as pas- 
sage downward through fissures and joints. 

This has been accompanied by fracture and fusion of pel- 
licles over the surfaces thus traversed, especialiy of the more 
fusible minerals and groundmass ; development of air- and vapor- 
bubbles in the molten coating; and sometimes, at least, a suc- 
cession of waves, sweeping downward fused glass and rock-dust, 
in a series of alternating films, the oldest nearest the rock-wall 
and subjected to frequent dislocation. 

At the moment of cessation of the electric current, there 
have followed reaction from the intense pressure, expansion of 
vesicles, and regurgitation of glass upon the surface of the rock 
from some filled lightning tubes ;* explosion and disappearance 
of bubbles nearest the surface, distortion of many by inward 
relief of pressure, or general recovery of spherical form; and 
partial devitrification of the glass, occasionally complete, where 
certain favorable conditions have prevailed — probably the pres- 


ence of moist air in intermixed bubbles, a supersaturated neutral 


glass, and an over-heated or slowly-cooling contiguous sheet of 
rock. 
The instantaneous regeneration of feldspar only, in the form 


‘First recorded by HuMBOLDT, in rock-fulgurite on volcano of Nevada de 
Toluca, Mexico (Ann. d. Ch. et d. Phys, Vol. X1X (1821), p. 299.) 
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of microlites, in every instance, in the series I have examined, 
seems at first somewhat at variance with the conclusions of 
Lagorio as to the particularly difficult saturation of a molten 
silicate by the oxides represented in that mineral. But we have 
here, apparently, a far different magma from that employed in 
the experiments of Pelouze, artificial glass, 2. e., from every evi- 
dence, a supersaturated solution of feldspar in its own fused 
material. In such a magma-solution, a combination of silica, 
alumina, and alkali molecules, must find conditions highly favor- 
ing ease and rapidity in re-crystallization. 
ALEXIS A. JULIEN. 
)LUMBIA UNIVERSITY, 
New York City. 


EXPLANATION OF FIGURES 
ig. 1. Sand-Fulgurite, Poland.— Photomicrograph of cross-section, 
showing sharply defined outline of central lumen, the glass wall with its 
vesicles, and ring of dark semi-fused sand-grains, adhering to the irregular 


outer boundary of the fulgurite. X10. 


Fig. 2. The same.— Photomicrograph of section of part of the wall, 
showing forms, radial distension, and distribution of the vesicles, the smaller 
and darker ones still occupied by air. Several of the sand-grains appear 
along the outer boundary, each with its inner crescent of limpid glass. The 


r dark part of a grain indicates the side which has been partly fused ; 


the outer clear part, that which remains unaltered. X50. 

ig. 37. Rock-Fulgurite, Central Butte, Wyoming.— Drawing of cross- 
section, showing line of contact (d@', 4, c', e) between phonolite, Z, and 
Il urite, da. 


Obscure flattened vesicles. 
Carlsbad twin of orthoclase, with shattered ends, surrounded by 
feldspar-dust and devitrified glass, enclosing a few bubbles. 
/,d, d. Films of rock-dust, alternating with laminz of devitrified glass. 
?'. Film of rock-dust along the contact. 
Projecting corner of feldspar-grain, shattered by the electric current. 
f, etc. Feldspar fragments scattered through the fulgurite. 
h. Green hornblende needle, unaffected by the fulgurite-stream. X50. 








PHYSIOGRAPHY OF THE BOSTON MOUNTAINS, 
ARKANSAS! 
Tue highlands of Arkansas lie in the northwestern part of 
the state, and comprise about half its area, They are divided, 


physiographically, into a north and a south part by the valley 


of the Arkansas River. They are also divided structurally into 
the same parts, the former being a region of horizontally-bedded 
rocks, somewhat disturbed by faulting and folding, while the 
latter, known as the Ouachita Mountains, is distinctly a folded 
region. 

This northern division of the Arkansas highlands, with its 
westward extension into Indian Territory, constitutes the south- 
ern part of the Ozark region.? In Arkansas, it is divided into a 
low and a high part, the former extending northward into Mis- 
souri, and passing, along its southern border, into the latter, by 
an irregular but bold escarpment from 500 to 1000 feet high. 

It is this latter region that is known in Arkansas as the 
Boston Mountains. Including that part which lies in Indian 
Territory, its total length is about 215 miles, about 170 of which 
is in Arkansas. Its average width approximates 35 miles. On 
the south, it passes into the valley of the Arkansas River by 
steep slopes, though less precipitous than those on the north. 

These mountains are by far the highest part of the Ozark 
region as well as the most picturesque. Their highest point, so 
far as determined, is some miles east of the town of Winslow, 
on the St. Louis and San Francisco railway, where the altitude 
is 2,250 feet.2 From this region of highest elevation, they 

*Read before Section E of the American Association for the Advancement of 
Science at the Denver meeting, August Igo1. 

? The Ouachita Mountains have been included by some writers with the Ozarks ; 
but because of the great structural and topographic differences in the two regions, to 
say nothing of the probable historic differences, this is manifestly wrong. 

3 Topographic map United States Geological Survey, Winslow quadrangle. 
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gradually fall off to the east, sinking below the Tertiary deposits 
just west of the St. Louis, Iron Mountain and Southern railway 
and south of White River; also from this region of highest 
elevation, they fall off westward to the Grand River in Indian 
Territory.* It will be seen that the east-west line along the 
crest of these mountains forms a gentle arch in the middle. 
Structurally, in the western part of Arkansas, these mountains 
are a broad, flat anticline, the strike of which is east and west. 
According to the geologists of the Arkansas Geological Survey, 
it appears that the extreme eastern part of the region is mono- 
clinal in structure, with the dip to the south.’ 

With the exception of the Illinois River in the western part 
of the state, the drainage of the region is northward and east- 
ward into White River, and southward into the Arkansas. The 
direction of the streams has been determined by the slopes 
incident to the uplift, modified in some cases by faulting and 
flexuring. The effect of the latter upon Little Red River and 
neighboring streams has already been noted by Professors New- 
som and Branner.3 The westward course of the Mulberry River 
has been determined by a fault. Detailed work of the region 
would doubtless disclose numerous other similar examples. 

The drainage of the region is that intermediate between 
youth and maturity. The streams are vigorous, and have com- 
pletely dissected the plateau by the formation of gorges from 
500 to 1000 feet deep, thus producing a very rugged topog 
raphy over the whole region. Between these gorges the slopes 
often meet, forming more or less rounded hills; but more fre- 
quently the intervening area is occupied by flat-topped, sand- 
stone. capped hills of limited extent. 

The tributaries of both the Arkansas and the White rivers 
have worked their way back to, and in many cases, far beyond 

*Dr. N. F. DRAKE, in Proc. of the Am. Phil. Soc., Vol. XXXVI, No. 156, p. 332 

? Newsom and BRANNER, “ The Red River and Clinton monoclines, Arkansas,’ 
Am. Geologist, Vol. XX, July 1897, pp. I-13. 

R. A. F. PENROSE, JR., Arh. Geolog. Surv., Vol. 1, 1890; section with pocket map. 


3 Loc. cit. 
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the original water divide of the plateau, making the water 
divide as it now exists, a very zigzag line. In the western part 
of the state, the south-flowing streams are the stronger, and as a 
rule are robbing the White River basin of territory in this 

lity. Further east, in the middle portion of the region, the 
north-flowing streams are the stronger, and seem to be encroach- 

upon the drainage area of the Arkansas, while in the east- 
ern part, the south-flowing streams head very near the north 
escarpment of the plateau. 

[he rocks of the region are mainly unmetamorphosed sand- 


ies and shales, those at the base being of Lower Carboniferous 


St 


age, and those at the top belonging to the Coal-measure series. 
These alternating hard and soft rocks have produced the ter- 
races on the hill slopes, which are so characteristic of dissected 
regions of horizontal strata. As these terraces are often of con- 
siderable width, and are favorable horizons for springs, they are 
inviting to the tarmer, and can be located miles away by the 
small farms on the mountain sides. 

[he low region to the north of the Boston Mountains is one 
of great denudation. From its northeastern part, all the rocks 
have been removed above the Ordovician, leaving those exposed 
at the surface. West and south of this is a region from which the 
Upper Carboniferous rocks have been removed, leaving those of 
Lower Carboniferous age at the surface. Standing up promi- 
nently on the latter are numerous hills of circumdenudation, 
composed of remnants of the horizontal strata of the Boston 
Mountains, and serving as living witnesses to their former 
extent. The height of these outliers very closely approximates 
that of the plateau of which they were formerly a part. This 
uniformity in height between the various parts of the dissected 
Boston plateau and its outliers suggests a peneplain, and herein 
lies the physiographic problem of the region. 

In a region of folded or inclined strata the determination of 
a peneplain becomes a question of comparative ease, for in 
those cases denudation will have reduced both hard and soft 
strata to practically the same level, the peneplain intersecting 
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strata of all degrees of hardness. But in the case of horizontal 


strata undergoing base-leveling, the conditions are quite differ- 


ent, for then the peneplain conforms to the hard stratum or 


strata that happen to be near sea level. If such a region 
be subsequently elevated, the streams are revived, the region 
dissected, and the former peneplain represented by the tops of 
the hills, which would still be capped by the hard strata that 
were conformable with the peneplain before the region was ele- 
vated. Now this is exactly the structural and topographic con- 
ditions of the Boston Mountains and their outliers. But it 
happens that these are also the structural and topographic con- 
ditions that would prevail in a region of horizontal strata that 
has been elevated from beneath the ocean and is undergoing 
the process of base-leveling for the first time. So the problem 
presents itself as to which condition prevails in the Boston 
Mountains, and unfortunately criteria for its solution are largely 
if not wholly wanting. 

Ordinarily, for the determination of a peneplain we look 
to the streams. In such cases, as is well known, the streams 
are winding, and flow in more or less steep-sided, symmetrical 
valleys, which are themselves cut down in wider valleys. In 
the Boston Mountains there is no such evidence of a peneplain. 
The streams of the region are all young, with the characteristic 
steep-sided gorges of such streams. So far as the writer has 
been able to observe, there is nothing in the region indicating 
an uplift since the present streams came into existence. Their 
valleys are relatively wide at their mouths, and gradually 
decrease in width back to their sources, as would be expected of 
streams cutting into a plateau of horizontal strata. The slopes 
are undisturbed by terraces, excepting such as those men- 
tioned above, which are due to structure. Along the southern 
base, the oldest of the streams have reached the temporary base- 
level of the Arkansas River, and meander somewhat, but none 
of them to any great extent. 

It follows that evidence of a former base-leveling, if there 


be such, must be looked for elsewhere than in the streams. A 
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recent writer’ claims that the tops of the Boston Mountains 
represent a peneplain, and cites as evidence the fact that they 
correspond very closely in height with the Ouachita Mountains 
south of the Arkansas valley. This evidence is given on the 
assumption that the rather uniform height of these mountains 
represents a peneplain; but this is a hypothesis far from being 
established. Mr. L. S. Griswold, in his work on the novaculite 
region of Arkansas, encountered the problem of the noncon- 
formance of some of the main streams of the region to the 
structure and topography, to account for which he presents the 
theory of a post-Carboniferous base-level, on which was subse- 
quently deposited Cretaceous strata.*? If the present writer 
correctly interprets Mr. Griswold, he believes the south-flowing 
streams, which form water-gaps in some of the highest moun- 
tains of the region, are superimposed streams, their courses 
having been determined by the slope of the Cretaceous area 
after elevation. Mr. Griswold does not claim that the evidence 
of this is conclusive. It is the opinion of the present writer, 
from somewhat limited observation, that the even crests of the 
Ouachita Mountains are due to structural and lithological con- 
ditions and not to base-leveling. But were it established that 
they represent a peneplain, the fact that the Boston Mountains 
closely agree with them in height does not argue a peneplain 
for the latter. The one is a folded area, and the other an area 
of horizontal rocks (Fig. 2). Erosion in the one has resulted 
in wide, anticlinal valleys through which flow sluggish streams, 
while erosion in the other is in its early stages. It would seem 
to follow that the time of elevation of the one region is far ante- 
cedent to that of the other, and consequently the correspon- 
dence in height between the two only accidental. 

If, however, we look to the north of the Boston Mountains, 
we find conditions which seem to throw some light upon the 
subject. As has already been said, this is a region of great 
denudation. Its general elevation is from 700 to 1000 feet 

*O. H. HERSHEY, Am. Geologist, Vol. XX VII, No. 1, pp. 25 e¢ seg. 


2 Ark. Geol. Surv., 1890, Vol. III, pp. 220. 
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North-south section of the Boston Mountains and adjacent regions, near Arkansas-Indian Territory line. 
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lower than that of the Boston Mountains. Its 
streams are mature, the valleys comparatively wide, 
and the topography in general presents the aspect 
of much greater age than that of the Boston Moun- 
tains. Professor C. F. Marbut, in discussing that 
part of this region which lies in Missouri,’ claims 
that it was base-leveled in early Tertiary times, and 
the present cycle of erosion was instituted by an 
elevation which dates from middle or late Tertiary 
times. Be that as it may, the question as to whether 
the region to the north of the Boston Mountains 
ever suffered denudation to the extent of base-level- 
ing does not particularly concern us here. The fact 
of interest is that the denudation of the extensive 
region to the north has been very great and the 
topography is old, while that of the Boston Moun- 
tains is limited and the topography young. 

It would appear that this difference in topogra- 
phy cannot be attributed to the massive beds of sand- 
stone at the top of the Boston Mountains, for these 
same beds, while they have doubtless had a great 
deal to do with preserving the region, formerly 
extended over much if not all the denudated area to 
the north. Besides, if we attribute the preservation 
of these mountains to the character of the rocks com- 
posing them, we are encountered by the question as 
to why erosion has been so extensive to the north of 
the region, removing the rocks over a large area, 
leaving only here and there hills or circumdenuda- 
tion, while in the southern part adjacent to the Arkan- 
sas valley it has scarcely begun. 

I am able to account for the great difference in 
the stages of erosion in the two regions only by con- 
ceiving the Boston Mountain area to have been at a 
lower elevation than the area to the north during 


* Mo. Geol. Surv., Vol. X, pp. 27-29. 
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the time the extensive denudation was going on over the lat- 
ter. So low must it have stood that the strata now composing 
their summits suffered but little erosion, while the same beds 
extending northward suffered much because of their greater 
height. If this be true, the actual amount of degradation 
suffered by the Boston Mountain region is indeterminable ; 
but as there was more or less of it, and the region stood at a low 
level, it would be considered a peneplain. The elevation, which 
must have occurred in late Tertiary or in post-Tertiary time, 
W greatest along the present east-west axis of the plateau, 
gradually decreasing to the northward, and changing the region 
from a low, monotonous plain to a plateau approximating 2,500 
feet i: height, greatly modifying the former drainage and insti- 
tuting that of the present. 

Aside from the difference in topography between the region 
nder discussion and the one to the north, the writer cannot at 
present claim very great support for the idea herein presented. 
There are, however, some other facts that seem to lend the 
hypothesis support. (1) The region being on the border of the 
Ozark uplift, it is probable that during the greater part of its 
history it lay at a low level and consequently suffered compara- 
tively little from erosion. (2) The outliers of the Boston 
Mountains to the north are as a rule lower than the main 
plateau, though capped by the same rocks, thus indicating an 
axis of elevation to the south of the outliers. (3) The eastward 
course of White River and its tributaries may be due to their 
having been diverted from what would seem a more natural 
southern course, at the time of the uplift. 


A. H. PurpbvueE. 


UNIVERSITY OF ARKANSAS, 
Fayetteville, Ark. 














DISCOVERY OF A NEW FOSSIL TAPIR IN 
OREGON 


THE 


A FAIRLY complete phylogenetic series of early Miocene 
tapirs has been made known to science through the researches 
of Messrs. Wortman,' Earle, and Hatcher.? Between these 
ancestral forms, referable to the genus Profapirus, and the living 
species is a gap in the line of descent which has remained 
unbridged until the fortunate discovery of the form presently to 
be described. 

Our knowledge of the tapir phylum since the White River 
epoch may be summarized in a few words. In 1873, Dr. Joseph 
Leidy? described under the name Lophiodon oregonensis, two imper- 
fect superior molars obtained by Professor Thomas Condon at 
Bridge Creek, Oregon. Two species have been described by 
Professor Marsh,‘ which he refers to the genus 7apiravus: T. rarus 
from the Loup Fork of the Rocky Mountains, and Zapwavus 
validus from the Miocene of New Jersey. From the brevity of 
the description and the lack of figures, these species are prac- 
tically indeterminate. Remains of tapirs belonging to the exist- 
ing genus are known from the Quaternary gravels of California,’ 
and have been described from several localities in the eastern 
states. 

During the summer of 1900, Professor John C. Merriam and 
Mr. V. C. Osmont, of the University of California, while collect- 
ing in the fossil beds of the John Day valley, Oregon, obtained 

"J. L. WortTMAN and C. EARLE, “Ancestors of the Tapir from the Lower 


Miocene of Dakota,” Bull. Am. Mus. Nat. Hist., Vol. V, p. 159. 


?J. B. Hatrcuer, “ Recent and Fossil Tapirs,” dm. Jour. Sci., 4th ser., Vol. I, 
p. 161, 15906. 

+U. S. Geol. Surv. of the Territories, Vol. I, p. 219, Pl. Il, Fig. 1. 

40. C. MaRsH, Am. Jour. Sci., Vol. XIV, p. 252, 1877. 

SJ. D. Wuirney, “ Aurif. Gravels,” Mem. Mus. Comp. Zool., Harvard, Vol. V1, 
p. 250; W. P. BLAKE, Am. Jour. Sci. Vol. XLV, p. 381. 
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the bones which form the subject of the following discussion. 
The remains are from the Promerycochcerus horizon ( Upper John 
Day) exposed on the bank of the John Day river, beneath the 
Columbia basalt, to the west of Spray post-office, Wheeler 
county, Oregon. In a recent paper,’ Professor Merriam named 
the beds of the Upper John Day the Paracotylops beds, basing 
the name on the new genus Paracotylops, proposed in the same 
paper by Dr. W. D. Matthew for the typical Oreodonts of this 
horizon. In the numbers of the American Journal of Science 
for last December and January, a paper by Mr. E. Douglass 
appeared in which these Oreodonts were provisionally named 
Promerycocherus. Neither Professor Merriam nor Dr. Matthew 
read this article before the publication of Professor Merriam’s 
paper, and consequently did not notice the new name. It now 
appears that Promerycocherus should be retained as a generic 
name, and consequently, at Professor Merriam’s suggestion, the 
name of the beds of the upper division has been changed from 
Paracotylops to Promerycochcerus beds. 

The type specimen (No. M 934, Univ. of Cal. Pal. Mus.) 
comprises several superior incisors; the lower jaw lacking the 
posterior portion, with representatives of all the inferior denti- 
tion excepting the canines and the third molar; the proximal 
portion of the left humerus; the left radius; the scaphoid, lunar, 
magnum, and unciform of the right carpus; three metacarpals of 
the same side, and a few phalanges. The bones are those of a 
single individual of a new species of the genus Protapirus, for 
which the name Protapirus robustus is proposed. It is consid- 
rably larger than any of the White River species of Protapirus, 
and would approximate in size the most specialized living tapir, 
Elasmognathus bairdi. The lower jaw is represented about one- 
half natural size in Fig. 1. The symphysial region was found 
in place, imbedded in a buff colored tuff so characteristic of the 
Upper John Day beds that the expression ‘‘buff beds’’ was used 
as a convenient field term for this horizon. The other bones lay 
loose on the surface in the immediate vicinity. 

™* A Contribution to the Geology of the John Day Basin,” Aud’. Dept. Geol., U. of 
Cal., Vol. I, No. 9, p. 296; Jour. GEOL., Jan.-Feb., 1901, p. 72. 
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The dentition.—The superior incisors are larger than the cor- 


responding teeth in Elasmognathus bairdii. The inferior incisors 
are slightly smaller than the superior. Both series have the 
crowns somewhat cupped, especially so in the superior incisors. 
The first and second inferior incisors are of equal size, while the 
third is two-thirds as large as those preceding it. The crowns 
of both canines are broken off, but the diameters of their roots, 
measured on the alveolar borders, are greater than the corre- 
sponding parts of the larger incisors. A long diastema succeeds 
the canines. The premolars have their anterior cusps united 


into transverse ridges, slightly notched at the summit. In all 





except the second premolar, the ridges are perpendicular to the 
long axis of the jaw. They are equally developed on the third 
and fourth premolars. Posterior cross crests are not developed 
on any of the premolars. In the second premolar, the proto- 
conid is larger than the deuteroconid and is situated farther for- 
ward than the latter. In the succeeding premolars, these cusps 
are of the same size and are situated directly opposite each 
other. The tetartoconid of the premolars is smaller than the 
metaconid. The latter cusp is united with the inner side of the 
base of the protoconid by a ridge. This structure is also found 
in the molars, all of which have two cross crests. The posterior 
crest in the first and second molars is somewhat oblique to the 
axis of the jaw. The third molar is too imperfectly preserved 
to describe. Anterior and posterior cingula are present on all 
the molars and premolars. Traces of an external cingulum are 
found at the outer end of the transverse valley in all except the 
second premolar. In this tooth the paraconid is very large, 
uniting by a ridge with the protoconid. In the remaining pre- 
molars the paraconid is replaced by a style rising but little above 


the level of the anterior cingulum. 
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DISCOVERY OF NEW FOSSIL 


The jaw.—The inferior border of the jaw is parallel with the 
alveolar border. The symphysial portion rises at a low angle, 
much less thanin the tapir. The flatness of this angle is perhaps 
due in part to a slight amount of crushing which the specimen 
has sustained. The posterior border of the mental foramen is 
directly below the anterior border of the second premolar. 

The fore limb.—The humerus and radius have about the 
same shape as in the tapir. The deltoid ridge of the former is 
broken off, so that it is impossible to say whether it was hooked 
or not. The shaft of the radius is more strongly curved than 
the corresponding element in Proftapirus validus as figured by 
Hatcher,’ but a part of the curvature may be due to distortion. 
The carpus does not call for special description, not differing 
naterially from that of Protapirus obliquidens.W.& E. The ante- 
rior contact of the lunarand magnum is still small, as in the 


White River species. There were four digits in the manus, the 
length of metacarpals III, 1V, and V being about the same as in 
E. bairdit, but less robust. In shape they correspond closely with 
the metacarpals of the latter, except that the proximal portion 
{ the fifth is inclined at a greater angle to the shaft of the bone 


han inthe living form. The phalanges, which are of the second 


tl 
row, are shorter and less robust than those of the tapir. 
Phylogenetic position — The remains just described indicate an 
animal much larger than any of the White River species of the 
same genus. The structure of the molars and premolars suggests 
Protapirus validus as a probable ancestor. There are, however, 
several differences. In addition to the considerable difference 
in size, the third premolar of P. robustus has the anterior cross 
crest vertical to the long axis of the jaw, while in P. validus it 


J 


somewhat oblique. The diastema, as in P. validus, is shorter 
than in Elasmognathus, while the mental foramen has moved 


lightly posterior to the position it occupies in the White River 


ancestor. Gradations between the two types probably occur 
among the as yet unknown tapirs of the Lower and Middle John 
Day. 


* Loc. cit., p. 167, Fig. 1. 
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MEASUREMENTS OF PROTAPIRUS ROBUSTUS 


Length of inferior molar-premolar series - - - 128 to 130™™ 
Length of inferior premolar series - - - - - - - 60 
Length of inferior molar series (approximate) - - - - 70 
Lenyth of diastema . . - - - - - 46 
Length of symphysis measured on lower side - - - 71 
Depth of ramus below alveolus of Pm. 2 - - - - - - 48 
Depth of ramus below alveolus of Pm. 4 - - - - 49 
Depth of ramus below alveolus of M.3_ - - - - - - 43-4 
Length of radius - - - - - . - - - 181 
Breadth of proximal end of radius” - - - - - - - 45 
Breadth of distal end of radius . - . ° . ° e 39 


In this connection, may be mentioned a second specimen, 
(No. M 1525 University of California Pal. Museum), representing 
probably another new species, obtained by the writer in the 
uppermost beds of the John Day system, on Johnson Creek, 
Grant county, Oregon. The horizon is considerably higher than 
that from which Protapirus robustus was obtained, and appears to 
be faunally distinct. It is characterized by the remains of 
numerous individuals of a camel belonging to the genus Pro- 
tomeryx and by a rodent generically new. The tapir remains are 
of a young animal and are not complete enough to characterize 
specifically. They comprise fragments of a jaw with which thre¢ 
incisors and the second inferior premolar are preserved. The two 
large incisors, apparently the inferior median pair, are two-thirds 
as large as the corresponding teeth in P. robustus. They are 
spatulate in shape and slightly cupped. The anterior face is 
marked by delicate growth lines. The third incisor is an exceed- 
ingly small tooth with the crown 3$™™ broad. Imperfect preser- 
vation of the symphysial region renders it impossible to make 
any statement regarding the canine. The second premolar of 
the right side is the only one of the cheek teeth perfectly pre- 
served. This tooth-is entirely unworn, and was just appearing 
through the gums at the time of the animal’s death. In this 
tooth, the tetartoconid is much larger than in P. rodustus and the 
junction of the metaconid with the tetartoconid is much more 


complete, forming a cross crest but slightly notched. A ridge 
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joins the former cusp with the middle of the anterior cross crest. 


The protoconid is considerably anterior to the deuteroconid and 


as P. robustus is united with the paraconid by a ridge. The 
rior cross crest is sharply notched, but this structure would 
ibly assume the character of the anterior cross crest in 
bustus with the wearing down of the deuterocone by use. 
rnal cingula appear at the outer margin of the median valley 
on the external side of the paraconid. A posterior cingulum 
» developed. 
MEASUREMENTS 

»f the crown of first inferior incisor 

of the crown of third inferior incisor - 
th of the first premolar crown, antero-posteriorly 

Wma. J. SINCLAIR. 
INTOLOGICAL LABORATORY, 


niversity of California. 














THE FORMATION AS THE BASIS FOR GEOLOGIC 


MAPPING 

IN a recent number of this JournaL Mr. Bailey Willis, in a 
paper on “Individuals of Stratigraphic Classification,” has 
restated and rediscussed the problem which must be solved 
before cartographic work of any magnitude can be planned. 
This problem involves a careful consideration of the relative 
weights to be assigned, in any system of classification to be 
used on geologic maps, to faunal, lithologic, and chronologic 
(successional) characters. Mr. Willis discusses the question in 
its various aspects, and his final decision is that the lithologi: 
unit (formation) is best adapted to the requirements of the car- 
tographer. 

While agreeing, in the main, with the conclusions reached 
by Mr. Willis, it seems desirable to call attention to certain 
arguments, not specifically mentioned by him, which may be 
adduced in support of those conclusions; and, further, to exam- 
ine the results of the application of the proposed system of 
classification to some particular cases of interest. 

Before commencing the discussion of this question I wish to 
acknowledge my indebtedness to Dr. F. J. H. Merrill, director 
of the New York State Museum, who has greatly aided me, with 


both criticism and advice, during the preparation of this paper. 


THE NECESSITY FOR UNIFORMITY 


Though the formation, defined primarily by lithologic char- 
acters, was officially adopted in 1889 as the cartographic unit of 
the United States Geological Survey, in practice it has not 
entirely superseded other units of classification. Great variety 
exists in the practice of the various state geological surveys, as 
is indicated by their official maps; and greater variety, as might 
indeed be expected, in unofficial maps accompanying papers on 
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areal geology, even though the authors be connected with sur- 
veys whose official practice is uniform. 

In considering the representation on a map of the geologi- 
cal features of a small, isolated area, the question of the taxo- 
nomic unit to be employed is usually of minor importance ; 
though even in this case, as shown later, there would seem to be 
good reasons for the adoption of the lithologic individual as 
this unit. The interest attaching to this question increases 
directly with the size of the area to be mapped; and the prob- 
lem becomes of paramount importance when the independent 
work of several geologists is to be combined, as in the compi- 
lation of a geologic map of an entire state or other large area. 

In view of these facts, and of the slow but steady spread of 
the geologic-folio work carried on by the United States Geologi- 
cal Survey, it would seem necessary that the various local sur- 
veys should adopt the same general system of classification for 
map work. In the present state of our knowledge, detailed 
chronologic classification, the unit for which would be the 
epoch’ of earth-history, is impossible; and the problem of unifi- 
cation is therefore resolved into the choice between two alterna- 
tive systems, based respectively upon biologic and lithologic 
characters. In the opinion of the writer a geologic survey, 
whether state or national, can best accomplish the work for 
which it is intended by adopting as its cartographic and taxo- 


nomic unit the formation, defined as a lithologic individual. 


THE RELATIVE SCIENTIFIC VALUES OF BIOLOGIC AND 
LITHOLOGIC UNITS 

For the purposes of the present discussion it is necessary to 
point out that our knowledge of the two histories (2. é., of sedi- 
mentation and of life), so far as that knowledge can be expressed 
on maps, is decidedly different in grade. The present phase of 
earth-history may be examined for a determination of the truth 
of this statement. We can map without difficulty the topo- 
graphic features of the earth; and the possible accuracy and 


* The word epoch is here used in an entirely general sense. 
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precision of such mapping is limited only by the consideration 


of expense. Moreover, we are able in most cases to discuss 
topographic features in terms of causality. 

With regard to the present biologic condition of the earth 
our knowledge is much less definite. Mapping the distribution 
of existing faunas or floras is not practicable in the present state 
of our knowledge of biotic’ distribution, except in a very gen- 
eral way; anything like a detailed map is impossible. This con- 
dition is due partly to the expense of collecting sufficient data 
on the range of the different species of plants and animals. 
Most of the difficulty, however, arises from the fact that the 
principles underlying and regulating animal and plant distribu- 
tion are still far from being well understood, though of late 
years great advances have been made in that direction. 

If our knowledge is thus imperfect with regard to the exist- 
ing biota,t our knowledge of the facts and causes of its distribu- 
tion during past ages is still less definite. It is noteworthy that 
two of the most successful attempts? to account for biotic 
distribution and evolution in periods antedating the present 
have been the work of geologists specializing in physiographic 
work, a branch which necessitates lithologic rather than biologic 
discriminations. 

Obviously, the paleontologic record must always be more 
defective than the lithologic; for fossils are not always found 
where rocks are exposed. In addition to gaps occurring because 
of local lack of fossils, two periods are particularly incapable of 
being treated on a biologic basis; one immensely long period at 
the commencement of geologic history, and one short but highly 
important period immediately preceding the beginning of written 
history. 

With regard to the relative values of the biologic and litho- 
logic units as measures of absolute time, the case is somewhat 


' Biota the sum of the fauna and flora of a region. C/A STEJNEGER, American 
Naturalist, February 1901, p. 89. 

2? T, C. CHAMBERLIN, “Systematic Source of Evolution of Provincial Faunas,” 
JouRN. GEOL., VI, pp. 597-608, 1898. J. B. Woopwortn, “ Relation between Base 


leveling and Organic Evolution,” American Geologist, XIV, pp. 209-235, 1894. 
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in favor of the latter unit; for the relation existing between 
time taken in deposition and thickness of formation is much 
more traceable than that between extent of variation and time 
taken in evolution. 


[n considering the adoption of a basis for geologic mapping 


the biologic unit has, therefore, no antecedent claim to special 
consideration on scientific grounds; and its value can be com- 
pared directly with that of the lithologic unit in regard to their 
relative practicability and utility. 


frHE RELATIVE PRACTICABILITY OF THE TWO SYSTEMS 
\ lithologic unit can usually be so described and defined as 
to readily identified by any future worker in the same or an 
adjoining area through which the formation extends. 


It should also be noted that all geologists substantially agree 


upon the use of the terms in which lithologic individuals are 
defined, and will consequently agree closely in their valuation 


of any series. ‘Limestone,’ “sandstone,” “slate,” ‘*conglom- 
erate,” all have fairly definite meanings, and it is improbable 
that terms such as these are used in very different senses by 
different geologists. The biologic unit, on the other hand, is 
rarely capable of being so described or defined as to be accepta- 
ble to all paleontologists. The difference is that the lithologic 
individual is a fact; the biotic individual, as commonly described, 
is a fact plus an interpretation; and while there may be sub- 
stantial agreement as to the facts in any given case, it is but 
rarely that the interpretations will coincide. 

[he Hudson formation in the vicinity of Albany, N. Y., pre- 
sents an excellent example of some of the practical difficulties 
encountered in attempting to represent faunal distinctions on a 
map; and a brief sketch of the conditions may be of interest in 
the present connection. 


The “Hudson River group” of the earlier classifications — 


the ‘‘ Hudson formation” of the present system of nomenclature 


—comprises in the central portion of the Hudson River valley, 


re it is best developed and exhibited, a thick and extensive 
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series of shales, with interbedded sandstones and occasional 


thin beds or lenses of limestone. This series is well shown 
along the banks of the Hudson River, extending almost uninter- 
ruptedly from Fort Edward to Cornwall. Faunal differences 
justify the paleontological division of the “group”’ into four 
stages, of which the two lower carry a fauna which would corre- 
late them with the Trenton (using that term in its paleonto- 
logical significance), while the other two represent respectively 
the Utica and Lorraine beds of the Mohawk valley. This divi- 
sion into stages, however, is and must be largely theoretical, for 
it cannot well be carried out in practice on a map. Fossils, 
especially of species which can be regarded as of taxonomic 
importance, are neither profusely nor regularly distributed 
throughout the beds in question. Outcrops carrying character- 
istic fossils are too few and far between to warrant mapping the 
area, on a paleontological basis, on any large scale. The litho- 
logic differences which occur in the group have no stratigraphic 
or cartographic value, being too slight and variable to admit of 
separate representation on a map. 

Modern geologic mapping, especially if the base of the map 
is to be a topographic atlas sheet, in order to make adequate 
returns for the expense involved, must be accurate within the 
limit fixed by the scale of the map. 

The production of a geologic map is necessarily accom- 
plished by the exercise of two functions, observation and 
inference. Observation involves the location of outcrops and 
lithologic boundaries with reference to fixed points in the con- 
trol of the map, and is therefore purely a matter of engineering. 
The exercise of the function of inference is necessary in order 
to indicate the positions of boundaries concealed by superficial 
material. Inferences in relation to such matters are dependent 
for their accuracy on the training and judgment of the geologist; 
his appreciation of the relations existing between structure and 
topography, and his knowledge of the geometric effects of dip, 
pitch, etc., in determining the position, both horizontal and ver- 


tical, of a concealed boundary line. 
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Other things being equal, the determination of the altitude 
and geographic position of a given point is dependent upon the 
engineering skill of the observer; and the cartographic unit to 
be employed does not seriously affect this phase of the work of 
mapping. With regard to inference, however, this is not the 
case. No necessary relation exists between a biologic unit and 
the topography or structure of the area in which it occurs. On 
the other hand, topography, structure, and the lithologic unit 
are in general closely related. Recognition of these relations 
makes it possible to draw inferences concerning the position of 
the concealed boundary of a lithologic unit from the geologic 
structure and topography of the area discussed. 


rHE RELATIVE UTILITY OF LITHOLOGIC AND BIOLOGIC MAPS 


\ lithologic unit is normally also an economic unit, whereas 
there is no necessary relation between the biologic unit and the 
economic importance, or lack of importance, of the rocks con- 
taining a given biota. Though this argument may be regarded 
by some as of less weight than one based on purely scientific 
grounds, it is nevertheless valid, as applied to the question under 
discussion. It should not be forgotten that no geologic survey 
has ever been instituted, save for economic reasons; that the 
chief argument that can be used to obtain state support for such 
surveys is the direct ‘economic return to the public; and that 
simple justice demands, in return for this support, that the geo- 
logic results obtained be placed in such a form as to be of the 
greatest possible use to that public. 

The lithologic unit is also generally related to geographic 
forms in a very definite manner, as well as to geologic structure. 
The effects of these relations upon the actual work of mapping 
have been discussed. Here it is only necessary to point out 
that both topography and structure are often of economic 
importance. A map based on a unit which bears some definite 
relation to them is, therefore, of greater value from an economic 
standpoint than if the unit be one not so related. 
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THE DIFFICULTIES IN MAPPING ON THE LITHOLOGIC BASIS 

Difficulties will certainly be encountered in mapping any 
large area on a lithologic basis, but these difficulties will arise 
rather from differences in the interpretation of the rules for the 
nomenclature of the units than from any defects in the system 
itself. Certain cases of interest in this connection are discussed 
below: 

Case 1.—The case is that cited first by Mr. Willis (p. 563). 
A shale passes along the strike into a limestone which retains 
identical stratigraphic associations. ‘ Being exactly continuous 
stratigraphic units, they should retain the same geographic name 
on grounds of convenience and simplicity.” Considered as a 
stratigraphic unit, the two would be discussed as the “X” 
formation. In order to preserve all the advantages of the litho- 
logic system of classification, however, the limestone phase 
should be differentiated, in both discussion and mapping, from 
the shale phase; their respective names being then the “X” 
limestone and the “X” shale. The term “ phase” seems to 
serve a useful purpose in this connection, and the present writer, 
therefore, proposes it for use in marking variations of sedimenta- 
tion or of metamorphism within the stratigraphic unit. When 
used later in this paper, it will be with this restricted and 
definite meaning. 

This case is illustrated excellently in New York state and 
western New England, in this example the phases representing 
variations in metamorphism. The Hudson shales of the central 
part of New York state are progressively metamorphosed to the 
eastward, becoming first slates and then mica-schists. The 
schistose phase has been called, in Massachusetts, the ‘‘ Berk- 
shire schist ;’’ in southeastern New York, by Merrill, the ‘“* Man- 
hattan schist,” while Dale has described the intermediate 


phases as ‘ Hudson slates.” Throughout the entire area, though 
differing thus in character because of variations in metamorphic 
action, the rocks are essentially continuous stratigraphically; 
and recognition of this fact has led to the recent proposition to 


eliminate the names Berkshire and Manhattan, and denote the 
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‘ious phases of the Hudson formation by the term ‘‘ Hudson 
‘‘Hudson schist.” This system of 


< 


’ 


shale,”’ ‘‘ Hudson slate,’ 
nomenclature, while recognizing the essential stratigrapic equiva- 
lence and continuity of the various phases, allows these phases 
to be discriminated from each other on lithologic grounds. On 
maps this discrimination can best be shown by the use of some 
of the various overprints used to denote metamorphism. 

Case 2.—The second case noted by Mrs. Willis is that of a 
‘shale grading into a limestone with prolonged overlap, so that 
the two rocks must be discriminated in one area. Not only 
are they lithologically different but they have different strati- 
graphic associations, and they should receive distinct ’’’ forma- 
tional names. As noted under the preceding case, this is the 
condition which usually obtains where there is a_ horizontal 
radation in character of sedimentation. The writer believes 
that Mr. Willis has here suggested the proper treatment of the 
juestion, but wishes to point out an actual case of some areal 
importance in which this ruling has not been followed. 

[he example occurs in the northwestern part of Massa- 
chusetts. To the west of Hoosac Mountain, the Cambrian 
quartzite is overlaid by Stockbridge limestone and this in turn 
by Hudson (Berkshire) schist; on and east of the mountain the 
limestone does not appear. It has been generally assumed that 
the schist of the mountain represented both the Berkshire schist 
and the Stockbridge limestone, and the name “ Hoosac schist” 
has been applied to it in several publications. 

What the writer wishes to point out is that, under the pro- 
posed rules, the name at present used for one of those forma- 
tions would seem to be untenable. For, if the eastern (Hoosac) 
schist represents both the Berkshire schist and Stockbridge lime- 
stone, the case becomes the same as 2, and in that case all 
the schist should be called Berkshire and all the limestone 
Stockbridge. If the transition be considered sudden, then it 
exhibits a slight modification of case 3, and still all the schist 
is Berkshire schist and all the limestone Stockbridge limestone. 


If the relations at Hoosac Mountain be referable to overlap, 
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then it is obvious that the Hoosac schist is simply an equivalent 
of the Berkshire schist, while none of the Stockbridge limestone 
is represented by any of the schist east of the mountain. On 
any hypothesis, therefore, the formation name “ Hoosac schist”’ 
is apparently untenable. 

Case 3.—The third example cited by Mr. Willis is that of a 
shale which varies horizontally in such a manner as to become 





differentiated into several superposed members, one of which is 
a similar shale, the others limestone or sandstone. His decision 
is that in such a case all the shale can be given the same forma- 
tion name, while the new members (limestone, sandstone, etc.), 
are to be given distinctive names; but that, in case it be desira- 
ble to refer to the group as a whole in some area where it is thus 
differentiated into several members, the geographic name applied 
to the shale alone cannot be applied to the entire group. 

The last three cases cited by Mr. Willis present instances of 
subordinate parts or local developments (of the lithologic unit) 
which, though too small for mapping, are of interest in discus- 
sion. To such sections of the unit the terms “member” or 
“lens” may be applied. This method of treatment and termi- 
nology, if followed strictly and uniformly, would seem to be 
entirely satisfactory. 

: ; SUMMARY. 

It will be seen that the essential character of the proposed 
unit is that it is uniform, or uniformly variable, in lithologic 
character. Both its upper and lower limits and its lateral boun- 
daries will therefore by marked by lithologic differences. So 
long as the formation is geographically continuous, no other 
criterion is necessary or even admissible. 

In the case of discontinuities in outcrop, caused by the pres- 
ence of bodies of water, or of intervening areas of other rocks 
or superficial deposits, the question will arise as to the treatment 
in mapping of two distinct bodies of rock, identical lithologically. 
In this case the aid of stratigraphic association or contained 
fossils may be invoked. 

In regard to sharpness of definition, ease and accuracy of 








at sASe 


rs 











ae. 





eons: 











FORMATION THE BASIS FOR GEOLOGIC MAPPING 717 


mapping, and utility of the resulting maps, the lithologic unit 
would seem to leave little to be desired. Difficulties arising 
from diverse interpretations of the rules for its discrimina- 


tion can be overcome with little trouble. A more serious diffi- 
culty, however, is to be encountered in regard to the question of 
the geographic names to be given the units. It is not sufficient 


tl 
to say that the rules of priority will determine the name to be 
used, even if those rules be re-formulated with specia! regard to 
this particular question. The difficulty to which the writer 
alludes can almost be said to be inherent in the definition of the 
unit and to be avoidable only by giving a very free interpreta- 
tion of that definition. It arises when two or more geologists, who 
commenced work in more or less widely separated areas, have car- 
ried areal mapping toa junction. Identical formations will then 
bear different names on adjoining folios. In regions whose 
geology is fairly well known, identity of nomenclature can gen- 
erally be arranged in advance with safety. In less well-known 
regions, however, the possibility that the same formation may 
require treatment under different names in adjoining folios will 
have to be accepted as a necessary evil, largely outweighed by 
the positive advantages of adopting the lithologic unit as the 
isis for mapping. 
Epwin C. ECKEL. 
New YORK STATE MUSEUM, 
Albany, N. Y. 














GLACIAL WORK IN THE WESTERN MOUNTAINS 
IN 1g01.? 


DuriNnG the season of I90I some time was given to the 
study of Pleistocene problems in the western mountains. Four 
small parties, beside the writer, were in the field. The work of 
three of the four parties was the somewhat detailed study of 
selected areas, and was intended to make known the general 
conditions of glaciation at several somewhat widely separated 
localities. When a sufficient number of selected areas have 
been studied similarly, the results will afford a basis for pre- 
liminary conclusions concerning the course of Pleistocene his- 
tory in the western mountains, and will be helpful in guiding 
future work. The work of this summer was intended as the 
beginning of study looking to this end. 

The writer spent about six weeks in the region, mostly in 
association with the parties referred to. One party was in north- 
western Montana, east of the Rockies; one farther west, on the 
western side of the Rockies, in northwestern Montana, northern 
Idaho, and eastern Washington ; one in the Wasatch Mountains ; 
and one in the mountains of New Mexico, a few miles northeast 
of Santa Fé. 

The following brief summary will give some idea of the 
work done: 

NORTHWESTERN MONTANA, EAST OF THE ROCKIES. 

Mr. Fred H. H. Calhoun, accompanied by Mr. Bruce 
McLeish, spent three months in the northwestern part of Mon- 
tana. The area studied, some 8000 square miles in extent, lies 
just south of the 49th parallel, and just east of the Rocky 
Mountains. It is the area in the angle between the Continental 
ice sheet from the northeast, on the one hand, and the Cordil- 
leran ice sheet from the northwest, and the mountain glaciers 
from the west, on the other. 

* Published by permission of the Director of the U. S. Geological Survey. 


715 














GLACIAL WORK IN WESTERN MOUNTAINS 7190 


The moraine formed by the northeastern ice sheet of the 

Wisconsin epoch was traced from Fort Benton, via Choteau, to 
the point where it crosses the 49th parallel, about longitude 
112° 20’. From this point the moraine bends to the west and 
continues in this direction to the Watertown River, where it 
turns to the north, its course being nearly parallel to the moun- 
tains. 
}! The moraines of fourteen glaciers from the Rocky Mountains 
were mapped. The recessional moraines of both the valley and 
continental ice masses were studied as far as time permitted. 
Study was also made of the extent of valley trains and out- 
wash plains, and of the lakes which existed in front of the ice 
during the glacial period. 

Among the results of the work, the following may be men- 
tioned: 

1. The westward and southwestward extension of the Wis- 
consin drift is greater than had been supposed. 

2. The till of the northeastern ice sheet and that of the moun- 
tain glaciers overlap just south of the 49th parallel, between the 
meridians of 113° 10’ and 113° 15’. At no other point south 
of the boundary line did the ice from opposite directions 
occupy the same territory; but in Two Medicine Valley (lati- 
tude 48° 30’) the ice from the east advanced to within two 
miles of the position occupied at an earlier time by the ice 
from the mountains. 

3. The ice sheet from the northeast reached its most 
advanced position after the valley glaciers from the west had 
retreated, for the drift of the former overlies the drift of the 
latter at various points, both north and south of the national 
boundary. In some cases the till from the northeast overlies 
the till from the west. This is true in the locality mentioned 
under 2, and farther north in the valleys of St. Mary’s River, 
Belly River, and Lees Creek. In other places the till from the 
east overlies fluviatile deposits connected with the western drift, 
but extending down the valleys some miles beyond (east of) the 


ends of the mountain glaciers. In sti!l other cases lacustrine 
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and berg deposits, having their source in the northeastern ice, 
overlie the till laid down at an earlier time by the mountain 
glaciers. 

4. The valley glaciers belonged to a recent epoch. They 
were certainly not earlier than the Iowa epoch, and probably as 
recent as the Wisconsin. 

5. The drift of the northeastern ice sheet is of Wisconsin, 
possibly late Wisconsin age. 

6. So far as the evidence gathered shows, the length of time 
which elapsed after the deposition of the Rocky Mountain drift, 
and before the deposition of the drift of the ice sheet from the 
northeast, was not great. 

7. The time since the last glacial epoch, as shown by several 
lines of evidence in the area studied, seems to have been geo- 
logically short. 

8. The Sweet Grass Hills, situated just south of the 49th par- 
allel and about thirty miles back from the edge of the ice sheet 
from the northeast, were not covered bythe ice. The hills stood 
as three great nunataks, the highest reaching about 2000 feet 
above the surface of the ice. 

9. The slope of the surface of the continental ice sheet 
between its edge and a point 25 miles back from its edge was 
estimated at about 50 feet per mile. This determination was 
made in the vicinity of the Sweet Grass Hills. The slope of the 
surface of the ice in various valleys was also determined. 

10. The existence of a long narrow lake in front of the edge 
of the Continental ice sheet, and between it and the mountains, 
was proved, and its extent determined. 

11. Considerable changes in drainage were effected by the 
ice. Some data were gathered which throw light on the former 
courses of the Missouri, the Teton, and the Two Medicine rivers, 
and of Buck, Muddy, and Cut Bank creeks. 

Besides these conclusions touching glacial problems, some 
other observations were made: 

12. The region studied shows at least three periods of ero- 


sion, when the land stood at different levels. 
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13. The high-level quartzite gravels on the plains east of the 
mountains are believed to be deposits made by streams at the 
close of the first epoch of base-leveling recorded in the present 
topography. 

14. The strata at the mouth of Sun River and Muddy Creek 
canyons contain fossils of Carboniferousage. Rocks of the same 
age prevail in the whole of the eastern face of the mountains, 


where their thickness is several thousand feet. 





Some other scattering data were collected touching the gen- 


eral geology of the region studied. 


BETWEEN THE ROCKIES AND THE CASCADES IN NORTHWESTERN 

MONTANA, NORTHERN IDAHO, AND EASTERN WASHINGTON 

Messrs. George H. Garrey and Eliot Blackwelder spent most 
of August and September in the study of glacial phenomena 
in northwestern Montana, northern Idaho, and northeastern 
Washington, most of the time being spent in the latter state, 
between Chelan Falls and Newport. The moraine of the ice 
lobe which came south through the Okanogan Valley, loops 
southeastward from Chelan Falls to a point about six miles west 
of Coulee City, where it bends northeastward to a point five 
miles north of the city, on the bluff of: the Grand Coulee. 
Morainic material not aggregated into a marked terminal 
moraine, continues northward along the entire western rim of 
the Coulee. During glacial times the ice probably blocked the 
Columbia at its junction with the Grand Coulee, forcing the 
waters of the Columbia down the Coulee, as has been suggested 
by Russell and others. That glacial drainage followed the 
course indicated is suggested by the fact that the terraces of the 
Columbia above the Coulee are continuous with terraces in the 
Coulee. 

Northeast of the junction of the Grand Coulee with the 
Columbia, the moraine of the Okanogan or Coulee City lobe 
takes the form of a well-developed ridge which, at a point about 
five miles north of the junction of the Columbia and the Grand 


Coulee, the most northerly point where it was seen, was trending 
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slightly to the west of north. After continuing northward 


for a distance, this moraine probably loops eastward around 
the mountains in the Colville Indian Reservation, connecting with 
the moraine of the ice lobe which occupied the Columbia valley, 
north of its junction with the Spokane. The Okanogan or 
Coulee City ice lobe was about thirty-five miles wide in the lati- 
tude of Chelan Falls, and nearly fifty miles wide at the upper 
end of the Grand Coulee. 

Che moraine of the ice lobe which came down the valley of 
the Columbia, just west of the meridian of 118°, was traced 
southward from a point in the Colville Indian Reservation about 
three miles west of Kettle Falls on the Columbia, to the point 
where it crosses the Columbia seven miles southwest of Fruit- 
land. Between these points, the moraine lies three to six miles 
west of the Columbia. Just east of the Columbia the moraine is 
lost in the terraces at the junction of the Columbia and Spokane 
valleys. From this point the moraine was traced northeastward, 
passing about three miles east of Fruitland, and thence along the 
west face of the mountains, to the Huckleberry Mountain in the 
S. E. corner of Tp. 32, R. 38, E. (about latitude 48° 15’). At 
this point it loops around and over the northeastern end of 
this mountain, and then turns southward in the Colville River 
Valley. The glacier of the Columbia Valley had a width of 
about six and one-half miles in latitude 48°, and a width of 
about fifteen miles, fifteen miles farther north. 

As already mentioned, the moraine of the Columbia glacier 
loops over and crosses Huckleberry Mountain and becomes con- 
tinuous, in the Colville Valley, with a lobe of ice which descended 
that valley to Springdale. The moraine of the east side of this 
lobe was traced northward along the mountains east of the Col- 
ville Valley, to Old Dominion Mountain, seven miles east of 
Colville. This seems to be the latitude where the moraine 
swings across the mountains to the east, though the crossing was 
not demonstrated. The Colville glacier had a width of about 
thirteen miles at Valley, about eight miles north of the southern 
end of the lobe. The width of the combined Colville and 











= 























GLACIAL WORK IN WESTERN MOUNTAINS 723 





Columbia glaciers just north of their union (lat. 48° 15’ approxi- 
mately), was about thirty-three miles. 

In the Pend d’Oreille Valley there was another ice lobe, which 
extended down the valley to a point three miles southwest of 
Davis Lake. To the northwest this moraine is believed to con- 

ect with that of the Colville lobe, north of Old Dominion 

Mountain, though this connection was not established. The 

moraine of this lobe crosses the Pend d’Oreille River to the 

eastward at the great bend of the stream eight or ten miles 

ibove Newport. East of the Pend d’Oreille the moraine of the 
ist side of this ice lobe was judged, on the basis of topography, 
turn northward. 

Another ice lobe came down the Kootenai Valley, but its 
southernmost limit was not determined. On the basis of data 
yathered at other times by Professor Chamberlin and the writer, 
the ice of the Kootenai Valley is believed to have extended to 
the southern boundary of Pend d’Oreille Lake. It is possible 
that the Kootenai lobe connected to the northwestward with the 
Pend d’Oreille lobe; but, if so, the connection is well to the 
north of Bonners Ferry, and probably north of the boundary 
ine, 

It remains to be determined whether the Okanogan, Columbia, 
Colville, Pend d’Oreille,and Kootenai glaciers were marginal lobes 
»f a single continuous ice sheet, the body of which lay to the north, 
or whether some of them had separate sources in the mountains. 
The connection of the second and third of these lobes was estab- 
ished, and data at hand make the connection of the third and 
fourth seem probable. The connection of the first with second, 
ind of the fifth with fourth, if such connection exists, is proba- 
bly near the boundary if not beyond it. In any case, the gla- 
ciers partially traced out were large—quite beyond the Alpine 
class. 

A few data concerning glaciation farther east were also 
gathered. General glaciation did not occur as far south as New- 
port at the east line of Washington. Above Libby (in the 


Kootenai Valley near the west line of Montana) there was gen- 
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eral glaciation from the north, though a few miles south of the 
river in this longitude drift from the north comes in contact with 
drift from the Cabinet Mountains. Whether the glaciation from 
opposite directions was contemporaneous, was not determined. 


Deposits of lacustrine clay some 300 feet thick in the valley 
near Libby, point to notable interruptions of drainage during 
glacial time, and probably to considerable changes since. 

The Flathead valley contained a great glacier which advanced 
southward beyond the southern end of Flathead lake, though the 
southern limit of the ice was not traced out this season. In the 
latitude of Kalispell, the ice of this valley was about 3000 feet 
thick, as shown by the height to which the west face of the 
Kootenai Mountains east of the valley, was glaciated. The gen- 
eral direction of ice movement in this valley at Kalispell, and 
between this place and the lake, was south-southeast. The 
main body of the ice, therefore, came down the valley from the 
north northwest, and not from the mountains immediately east 
or northeast, though the main glacier was reénforced to some 
extent by ice from this direction. The source of ice which 
moved to the south-southeast was not determined. One lobe 
of the Flathead glacier moved southwest up the valley of Ashley 
Creek (the valley followed by the Great Northern Railway west 
of Kalispell), and another advanced westward a short distance 
beyond the end of the west arm of Flathead Lake. 

The face of the Kootenai Mountains east of the Flathead 
Valley is abrupt, and not deeply indented. From the slight 
amount of study given to this face of the range, it would appear 
that local glaciation here was not of great extent or severity, for 
some of the considerable mountain ravines opening out to the 
west afford little evidence of glaciation. On the other hand, 
glaciation was severe in some of the valleys, as in that followed 


by the Great Northern Railway east of the Flathead Valley. 


THE WASATCH MOUNTAINS. 


Mr. Wallace W. Atwood spent about two months in the study 
of the glacial phenomena of the Wasatch Mountains. He was 
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accompanied and assisted by William Peterson, M. J. Averett, 
H. B. Atwood, and Arthur Church. 

The portion of the Wasatch Mountains studied lies between 
the parallels of 40° 15’ and 41°. The maximum width of the 
range in this latitude is about twenty miles. The total area 
examined for glacial phenomena was about 1000 square miles. 

Within this area, the positions of fifty Pleistocene glaciers 
exceeding a mile in length were determined. Traces of several 
smaller glaciers and of more than a dozen névé fields were also 
found and mapped. Of the fifty larger glaciers, seven reached 
the shore line of Lake Bonneville, and the moraines of at least 
three of them are clearly seen to be partially buried by the 
fluviatile deposits near the shore, or possibly by the shore 

posits of the lake itself. 

The elevation of a catchment basin necessary to give rise to 


glacier in this region, was between 8000 and gooo feet, and, 


‘xcept where the basins were very favorably situated, the latter 


figure is more nearly correct. 
The crest line of the Wasatch Mountains is near the eastern 
der of the range. The valleys of the west slope are there- 
fore much longer than those of the east, and the glaciers of the 
two slopes were, in a general way, of corresponding lengths. The 
number of ice tongues on the west was also much greater than on 
the east. Of the fifty glaciers over one mile in length, forty-six 
were west of the crest, and but four east of it. Of the ten glaciers 
which reach or exceeded five miles in length, nine moved west- 
vard and but one eastward. The Little Cottonwood glacier on 
he west slope was twelve miles long, while the greatest length 
reached by any glacier on the east slope was five miles. East 
»f the crest, one glacier descended to an altitude as low as 6000 
feet, and two others descended to 7000 feet. On the west slope 
fourteen glaciers descended to an altitude of less than 6000 feet, 
and seven to 5000 feet. 
The greater number and size of glaciers on the west side of 
the range as compared with the east side, were determined by ( 1) 


the larger catchment basins, and (2) the heavier snowfall. A 
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third factor, of local importance, was the accumulation of snow 
in catchment basins among the lofty peaks of two east-west 
divides, lying west of the main crest. These basins, in many 
instances, furnished tributary glaciers to the main canyons, and 
thus greatly increased the amount and strength of the work done 
by the ice on the west side of the range. 

Glaciation was not only more extensive, but also more vigor- 
ous on the west side of the range than on the east. This is shown 
by a more complete cleaning out of loose material from the 
glaciated valleys of the west slope, by the more complete reduc- 
tion of their asperities of surface, by the greater deepening of 
the main canyons on this side, leaving their tributary valleys 
“hanging” 200 to 300 feet above, and by the development of 
more massive moraines. The moraines of the east-slope glaciers 
are insignificant in comparison with those of the west slope 
glaciers. 

The work of the season removes all doubt as to the duality 
of the ice age in the Wasatch Mountains. There were at least 
two ice epochs separated by a long interglacial interval. Evi- 
dence of more than two epochs was not found. The basis for 
the above conclusion is as follows: 

1. In several valleys there are outer moraines, much older 
than the inner moraines of the same valleys. A considerable 


tunnel exposure in one of these outer moraines showed essen- 


tially all of the abundant granite bowlders, up to four feet in 


diameter, so thoroughly disintegrated that they had been cut 
through with picks and shovels in the excavation of the tunnel. 
Most of them could be crumbled by the hand. This condition 
of things was not superficial, but held to the depth of twenty 
feet, the deepest point of exposure. 

2. In certain glaciated canyons there are such variations in 
the amounts of postglacial change (weathering, erosion, etc.) 
which different portions of the drift and valley walls have suf- 
fered, that it seemed necessary to postulate much longer expo- 
sure for certain parts than for others. In all such cases, the 
drift which appears to be older, extends beyond that which 
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appears to be younger. The ice of the earlier epoch, therefore, 
seems to have been more extensive. 

3. Two distinct sheets of drift were found at several points 
in the valleys of both the North and South Forks of the Ameri- 

an Fork. These sheets of drift are separated by a soil twelve 
to eighteen inches thick. In the same localities, the soil on the 
surface of the upper drift sheet, formed since the last retreat of 
the ice, is from four to six inches thick. So far as the thickness 
of soil is a basis for estimating time, it would indicate that the 
interval between the ice epochs was longer than the time since 
the last. 

The topography of the region examined was somewhat modi- 
fied by glaciation. The valleys which were occupied by ice are 
usually U-shaped, and their slopes are commonly smoothed off 
as far up the sides as the ice reached. Such forms are in sharp 
contrast with the V-shaped canyons and rugged slopes of the 
valleys not occupied by ice. In some of the glaciated valleys 
massive moraines were built up. These are sometimes in the 
canyons, and sometimes at their débouchures, according to the 
position which the ends of the glaciers reached at the time of 
their maximum extension. When tributary glaciers joined the 
main, medial moraines were formed, and as the ice melted, these 
moraines were left as ridges, parallel with the course of the val- 
ley. Recessional moraines are frequently found crossing the 
valleys as crescentic ridges, convex down stream. These ridges 
often served as dams, above which lakes accumulated, rose, and 
overflowed. The outlet streams of such lakes cut gorges in the 
moraines. Near the heads of many valleys the ice gouged out 
rock basins, 50 to 200 feet in diameter and from 5 to 20 feet in 
depth. At least thirteen of the thirty-six glacial lakes mapped, 
are in rock basins apparently made by the ice. 

The relation of the moraines at the west base of the Wasatch, 
to the fluviatile (or shore) deposits in the Bonneville basin, is 
such as to indicate, as Gilbert has pointed out, that the last 
advance of the ice from the mountains occurred during a late 
period in the history of Lake Bonneville. The close correlation 
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of the earlier ice epoch with the earlier wide extension of the 
Bonneville waters cannot as yet be asserted, although the data 
at hand strongly suggest the contemporaneity of the early 
expanded stage of Lake Bonneville and the early glaciation. 


THE MOUNTAINS NEAR SANTA FE 


Messrs. John E. Webb and William A. Averill spent 
about one month in the mountains of New Mexico, a few miles 
northeast of Santa Fé. The area studied was the Santa Fé 
range of the Rockies, which traverses the northeastern portion 
of New Mexico, running in a general north-northeast, south- 
southwest direction through the adjacent parts of Santa Fé, Rio 
Arraba, Mora, and San Miguel counties, between the parallels of 


45° and 36°, and the meridians of 105° 35’ and 105° 50’ 


35 
The aggregate area comprises about 250 square miles. 


The height of the range in the area studied varies from 7000 
feet to 13,306, feet, the latter being the altitude of the highest 
of the Truchas peaks. The altitude which seems to have been 
necessary for the generation of glaciers was 11,700 to 12,000 
feet. The following peaks attained the requisite height: Lake 
peak, 12,380 feet; Baldy peak, 12,623 feet ; Pecos Baldy (Cone 
peak ?), 12,550 feet; Jicarilla peak, 12,944 feet; and the 
Truchas group, the highest peak of which is 13,306 feet. Clear 
evidence of glaciation was not seen on lower peaks, though it 
cannot be said that many of the lower peaks were studied in the 
detail necessary to demenstrate the complete absence of glacia- 
tion. 

Heading against these peaks and their connecting ridges, 
fifty cirques bearing evidences of glaciation were observed. 
Névé fields, with incipient motion, existed at some points where 
well-formed glaciers did not develop. Sixteen of the cirques 


are in the group of mountains (Lake, Baldy, and associated 


group; twelve among the Truchas peaks; and fifteen about 
Jicarilla peak, and the ridge between it and the Truchas peaks. 


Of these cirques, twenty-five open toward the east, thirteen 
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toward the north, seven toward the south, and five toward the 
west. The cirques range from one-fourth of a mile to two miles in 
width, and from one-eighth of a mile to two and one-half miles in 
length, and from 150 to 1000 feet in depth. Most of them con- 
tain lakes or ponds, some of them as many as six, and almost 
all contain flats or bogs, indicating the former existence of 
tanding water, where there is none now. The total number of 
ponds and lakelets seen was about eighty. Since they were seen 
in the rainy season, the number of permanent bodies of stand- 
ing water may be less. 
The longest glacier track studied is in the valley of the Santa 
Fé Creek. The ice emanating from three cirques united to form 
single glacier which Messrs. Webb and Averill think extended 
yme seven miles down the valley, its lower end reaching down 
o an altitude of about 9200 feet, the lowest altitude, so far as 
en, to which the ice descended. The largest area of glacia- 
tion from a single source is that on the east side of the Pecos 
Baldy group, in the valley of Jack’s Creek, while the largest 
ontinuous area of glaciation (to which the ice from several 
ources contributed) is that along the group of mountains at the 
head of Santa Fé Creek. 

The moraine matter left in the cirques, and in the valleys 
low them, often has a pronounced hummock-and-hollow 
topography. Its composition varies from point to point. The 
hief accumulations are in the bottoms of the valleys. The 
morainic matter is often disposed in ridges most commonly 
oughly parallel to the axes of the valleys and to the direction 
yf ice movement, but often oblique or even at right angles to 
this direction. 

Striz were found on roches moutonneés in several places, while 
smoothed and polished rock surfaces are of frequent occur- 
rence, 

The higher ridges and peaks of the glaciated regions are 
serrate, but serrate crests are confined strictly to the higher 
parts of the range. Serration often characterizes the tops of the 


mountains, on the sides of which the glaciated cirques lie. 
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OTHER OBSERVATIONS 
In addition to the foregoing work, some further data were 
gathered at several points, touching Pleistocene geology in the 
West. It was found that loess has somewhat extensive devel- 


opment in eastern Washington and northeastern Oregon, though 


its limits were not determined. It is widespread in Douglas, 
Lincoln, Whitman, Columbia, Walla Walla and probably Spo- 
kane counties, Washington. It is very generally distributed 
over the northern part of Umatilla county, Oregon. In geo- 
graphic distribution it seems to correspond, ina general way, 
with the great wheat belt of the states mentioned. In topo- 
graphic distribution, it has the general habit of the corre- 
sponding formation in the Mississippi basin; that is, it has a 
preference for considerable elevations. So far as seen, how- 
ever, its disposition to follow streams is less pronounced than 
in the Mississippi basin east of the Missouri. Its variations 
in composition and structure, too, are similar to those of the 
loess of the interior. Its thickness is very variable, and for 
the most part undetermined, but locally it is at least twenty- 
five to thirty feet thick, and its maximum is probably consider- 
ably more. In many places, as at Bolles Junction (Walla Walla 
county), it abounds in calcareous concretions of the usual loess 
type. In other places, as at Alto (Columbia county), it assumes 
the columnar structure, so characteristic of the loess of some 
other localities where the formation is well known. In many 
places, it constitutes the entire mantle rock. In some places it 
is associated with sand, which may be either beneath it or inter- 
bedded with it; and in other localities it contains considerable 
beds of volcanic ash. The sand and volcanic ash associated 
with it are sometimes distinctly stratified. In some cases, the 
stratification is clearly the work of wind, but in others this was 
not evident. The impression gained was that much of the loess 
seen is of eolian origin. 

Observations on glaciation were made at several points, aside 
from those enumerated in the preceding pages. Data sufficient 


for the intelligent direction of future Pleistocene work were 
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gathered for a number of localities where detailed work in the 
near future seems desirable. In addition to preliminary studies 
of this sort, glaciation was found to have occurred in some 
localities from which it has not heretofore been reported. For 
example, it was found that glaciers affected the north slope of 
both the Spanish Peaks of Colorado. These mountains, 12,708 
and 13,623 feet high respectively, appear to have represented 
about the limiting conditions for glaciation, for the glaciers of 
both mountains were small, and confined to their northern 
slopes. One of the limiting conditions here was doubtless the 
small area which could serve as a catchment basin on either 
peak. Had the areas of these mountains been larger, more 
considerable glaciation would doubtless have been developed at 
this altitude. 

It was found, among other things, that the detailed study of 
glacial problems will locally have an important economic bear- 
ing. An extensive placer mining plant is being established at 
Breckenridge, Col., to wash the glacial moraine matter of the 
Blue River valley, and the gravels of the valley train below. 


Roxiuin D. SALISBURY. 














REVIEWS 


Preliminary Description of the Geology and Water Resources of the 
Southern half of the Black Hills and Adjoining Regions in South 
Dakota and Wyoming. By N. H. Darton. | Extract from 
the Twenty-first Annual Report of the U. S. Geol. Surv., 
1899-1900, Pt. IV, Hydrography; pp. 489-599; Plates 
LVIII-CXII; Washington, 1901. | 

[He topics discussed in this paper are topography, stratigraphic- 
geology, geologic structure, geologic history, water resources, minerals, 
soils, climate and timber. The Black Hills rise out of the Great 

Plains as a small group of forest covered mountains several thousand 

feet high. ‘Their central area, composed of mountains and parks, is of 

crystalline schists and granites. Bordering the old rocks is a belt of 
limestone plateaus surrounded in turn by the Red Valley, a depression 
resulting from the etching out of a layer of softer rock —the Spearfish 
formation of Triassic age. Beyond the valley and concentric with it 
is the hogback range, due to a hard sandstone not weathered down. 

Still farther outward are the Plains. Careful descriptions of the litho- 

logic characters and the distribution of each formation follow; in 

fact the paper is descriptive rather than theoretic, but does not fail to 
call attention to broad features and to make generalized statements. 
The oldest sediments are Cambrian. They are probably of later 

Cambrian time and give one more item of evidence leading to the con- 

clusion that Cambrian time was one of extensive submergence. Here 

Cambrian sands were deposited along seashores and in estuaries with 

gradual submergence and probable ultimate covering of the crystallines 

with sediments of this age. ‘The chief evidence is the presence of fine 
grained deposits in the Upper Cambrian such as are not formed near 
land. At present no Silurian or Devonian strata occur. The reason 
is problematic. Either there was no deposition or else little deposition 
and subsequent removal. Carboniferous time began with deep water 
and marine conditions, and was consummated after the laying down 
of 800-1000 feet of rock. ‘Triassic and Jurassic are both present and 
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distinguishable because an abrupt change in the character of the sedi- 
ments and some erosion occur at the top of the former. Cretaceous 
sediments have accumulated to the thickness of about 6000 feet and 
consist largely of shales with some sandstone and a little limestone. 
lertiary rocks represented by the White River formation are mostly of 
clay; fuller’s earth, sand, limestone, and grits occur. Still later 
deposits are classed under earlier and later Pleistocene beds. 

[he structure of the region is that of an elongated low dome with 
anticlinal wrinkles or spurs running off from the central area, The 
maximum uplift was north of Harney’s Peak and amounted to gooo 
feet. 

One of the most admirable features of this paper is the abundance 
of real geographic material embodied in it. The region described is 
one of submaturely dissected, domed mountains in which all the sedi- 
ments have been removed from the central portion leaving subdued 
hills and broad parks of crystalline rocks. The concentric arrange- 
ment of the different formations is due to the uplift and to the pro- 
cesses of erosion which though similar for all strata, have been much 
more effective in reducing some than others. Soft layers are found 
etched out, hard layers standing up, but each and every one has its 
peculiar forms. Thus geography follows stratigraphy. 

Attempts by the author, more or less successful, to reconstruct the 

ography of the locality at different periods and to follow it through 
its phases, are persistently made, and they yield an interesting element 
1) the work. In this connection there is a contour map showing the 
present relief of the upper surface of the Dakota sandstone over a part 
f the area. This kind of work forms a very desirable feature. 

Che considerable eastward dip away from the Black Hills, where 
nost of the formations outcrop, together with other necessary features, 
gives good artesian conditions to this region. Many wells reaching 
the Dakota and Lakota sandstones flow with good water. The scanty 
rainfall on the plains eastward renders these wells very useful. Many 
treams diminish or cease by sinkage when they cross the sands. 
\long Cheyenne and Fall rivers there is some opportunity for irriga- 
tion — good bottom lands and reservoir space, with fair water supply. 

Soils are mostly residuary from underlying rocks. Overplaced soils 
ind sand dunes are found in places. ‘“ Sedentary soils’’ may be criti- 
cised. Nosoil is sedentary in the sense that it does not move. “ Soilin 
more adequately carries the 


place” or preferably “residual soil’”’ 
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meaning. ‘The relation of soils to underlying rocks, and of crops to 
soils make very instructive points. Considerable mineral wealth is 
found in coal, gypsum, and lithographic limestone in large slabs. 
These of sufficient size to be valuable are not obtainable elsewhere in 
the United States. 

The notes and diagrams on climate are good but disappointing 
because they do not indicate the significance of the condition of the 
meteorologic elements from a geologic point of view. There is little 


utility in giving space in a geologic report to climatic notes unless 


some use is made of them. The climate must have characteristic 
influence on erosion, soil formation, soil transportation, etc. The posi- 
tion of volcanic ash to the eastward of the volcanoes, now extinct, just 
west of the Black Hills shows similarity of winds in the White River 
time to those of the present time. 

Why cannot the U. S. G. S. reports, in discussing such a region as 
this, have a section on geography? It should embrace most if not 
all of the section here devoted to topography, but should go farther 
with the question, incorporating some that is said under soils, climate, 
water resources, etc., and then discuss the influenee of relief, soil and 
water on products, transportation, distribution of plants and animals, 


man, and his various occupations. 
Geo. D. HUBBARD. 


EASTERN ILLINOIS STATE NORMAL SCHOOL, 


Charleston, III. 


The High Plains and Their Utilization. By WiLarp D. JOHNSON. 
| Extract from the Twenty-first Annual Report of the U. S. 
Geol. Surv., 1899-1900, Pt. IV, Hydrography; pp. 601- 
768; Plates CXIII-CLVI. | 

THe High Plains, as defined in the first chapter, correspond 
approximately to the Central Plains. They form a belt extending 
from central Texas northward across Oklahoma and western Kansas 
into Nebraska, but are more characteristic in Texas because less 
eroded. By topographic difference they constitute a topographic 
unit of the great geographic unit—the Great Plains. The High 

Plains practically have no drainage, hence their surface is in general 

a dead level known locally as the “ Flats.” 

Chapter 11 discusses the origin of these plains. They are the 
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remnants of an old débris apron built in the latter half of Tertiary 
time, and preserved because of lack of sufficient precipitation to pro- 
duce run-off. ‘The author takes the ground that this apron of waste 
was deposited and arranged by streams, but shows that the streams 
were not of the ordinary type. A careful analysis of arid region 
stream work leads to the conclusion that “there is no such thing as 
sheet flow” in the sense of a uniform flood of water and waste, but 
that the more or less perfect sheet is “one of intimately lacing threads 
of current.” 

[he deposits of which the plains are composed are the result of 
this stream work and not of still water work. As proof of the proposi- 
tion, the author finds the following facts: 

(1) Wide distribution, at all depths of gravels, which decrease in 
size from the mountains. (2) The size of these coarse materials is 
often that of cobbles. (3) Gravel courses run east and west and are 
cross-bedded— marking the channel courses of eastward flowing 
streams. (4) Sand bed salso occur in courses elongated east and west 
in the “clays.” (5) Interlaced stream beds occur as shown where 
erosion has disclosed them. (6) Even most clay beds are thin and 
elongated east and west. 

Mr. Johnson finds the “mortar-beds”’ cutting across the local 
bedding of sands and gravels, and he considers the beds to have been 
formed by the cementation of the coarse materials at the level of the 
ground water by salts carried down in the sinking surface water. It 
appears that his explanation of the distribution of water in these 
gravels is similar to that of water distribution in the morainic materials 
of Illinois and Indiana, as worked out by Leverett and others, and 
stated by Leverett in the Eighteenth Annual Report of the U. S. Geol. 
Surv. Pt. 1V. 

Chapter III is a discussion of the “deficiencies of climate.” The 
climate of the High Plains is described as subhumid. It varies from 
humid to arid through a period of years. The author very properly 
states that the amount of precipitation is not the only factor in deter- 
mining the climate, or even the arability of a region. The Dakota 
wheat fields actually have less rainfall than the Staked Plains of Texas, 
but the rainfall is more effective in Dakota. In Texas (1) rainfall is 
more spasmodic; (2) temperature is higher, increasing evaporation 
and decreasing relative humidity; (3) there are more hours of sun- 


shine, and (4) greater wind movement. In the summary he reaches 
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two conclusions which are thoroughly borne out by the facts and dis- 
cussion. (@) A truer index of climate than rainfall is relative humid- 
ity. (4) Observations covering a quarter of a century indicate that no 
change in climate, save that of short-period oscillations, takes place. 
While the High Plains area is a climatic unit, it shows evidence of 
agreement in the series of climatic changes through Pleistocene, with 
the Great Basin lake fluctuations, and with the advance and retreat of 
the Rocky Mountain glaciers. 

The fourth chapter gives a graphic picture of the boom of 1888- 
1893, with the subsequent disasters, and some suggestions as to what 
may be grown on the High Plains. 

Chapter V proves the impossibility of general irrigation within the 
High Plains. The facts are as follows: (1) The rainfall and streams 
are wholly inadequate ; (2) the mountain streams from the west are so 
loaded with waste that ponds to retain their waters would be exceed- 
ingly short-lived; (3) all mountain streams must pass through a 
broad, arid, fertile strip amply sufficient to utilize all their waters; (4) 
artesian water in very small quantity is found in the valleys, but the 


entire supply is altogether too small for general irrigation. This 


source, however, is sufficient to furnish water for a garden and ranch 
headquarters at occasional intervals. 

In the closing pages there is a discussion of the origin of peculiar 
sink holes, and a theoretic explanation of the movements of under- 
ground waters. This last brings together considerable valuable mate- 
rial which formerly has been scattered and little known, but it presents 
scarcely anything new. 

The author thus states his purpose at the outset, and he accom- 
‘To show that the High Plains, except in insig- 


plishes his object : 
non-irrigable, either from streams, flowing or 


nificant degree, are 
stored, or from underground sources, and that, therefore, for general 
agriculture, they are irreclaimable; but that, on the other hand, water 
from underground is obtainable in sufficient amount for reclamation 
of the entire area to other uses; that such reclamation has in fact 
already begun, and is in progress of gradual, but sure development ; 
and that it will be universally profitable.” 

This paper will be of great service to those in the arid and sub- 
arid regions, and to those who may contemplate immigration thither, 
because it gives authentic information concerning fertility and water- 
supply there. But the value of the paper is not alone in its descriptive 
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work. Toscience the able discussions of causes and effects, of climatic 
relations to geology, geography, and agriculture, of water-supply, etc., 
are the most attractive features. The pages devoted to underground 
water resources are specially strong. The only regret is that the paper 


is not finished. 
GEORGE D. HUBBARD. 


CHARLESTON, ILL. 


The Bauxite Deposits of Arkansas. By CHARLES WILLARD Hayes, 
U. S. Geological Survey, Twenty-first Annual Report, Part 
III, pp. 435-472. Maps and plates. 

COMMERCIAL deposits of bauxite have been known in Arkansas 


since 1890, when they were first discovered by the State Geological 


The present report by Dr. Hayes represents, however, the 


survey. 
first detailed systematic study of these deposits, and its appearance 
when developments are just. beginning in the area, makes it a very 
C ely one. 
Preliminary to the description of the Arkansas deposits proper, 
e report opens with a brief summary of the “distribution of bauxite 
posits in the United States.” ‘The Arkansas deposits are limited 
a small area twenty miles long and five or six miles wide, lying 
ith and southwest of Little Rock, in the adjacent parts of Pulaski 
d Saline counties. The most important deposits of the state are 
grouped into two districts, with less inportant isolated ones between. 
The general geologic and physiographic relations of the region are 
recounted in some detail, derived largely, as the author says, from the 
state survey reports. Three distinct groups of rocks are made out, 
namely, the Paleozoic sediments in the northwest, the Tertiary and 
recent sediments on the southeast, and areas of intrusive igneous 
rocks in the two bauxite districts. ‘The Paleozoic rocks are similarly 
folded and closely resemble those of the Alabatna-Georgia-Tennessee 
area of the southern Appalachians. The region was probably several 
times reduced to a nearly featureless plain, and sometime after the 
folding, probably, during Cretaceous, the igneous rocks were, accord- 
ing to Williams, intruded. Beginning with the Cretaceous, the region 
was several times invaded by the sea and Tertiary sediments still form 
i: considerable part of the area. 
In the detailed description of the deposits, the two districts are 
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separately described in some detail, and certain peculiarities possessed 
by each are pointed out. The few scattered isolated deposits are 
likewise described. 

In the Bryant district, which is the most southwesterly one, the 
bauxite occurs in two distinct forms: (a@) granitic bauxite, and (4) piso- 
litic bauxite. The granitic bauxite forms the basal portions of the 
beds, and in most cases rests immediately on a layer of kaolin, derived 
by the ordinary processes of decay from the syenite. The bauxite is 
spongy in texture with no trace of the pisolitic structure, but showing 
partial traces of the granitic structure in which the individual feld- 
spars are replaced by a porus skeleton of alumina. It is probable, 
says Hayes, that this type of bauxite is in every case derived directly 
from the syenite by the decomposition of the feldspar and the eleolite, 
and the removal in solution of silica, lime and alkalis, the alumina 
alone remaining of the original constituents. The pisolitic type is 
more uniforin than that of the Georgia-Alabama region and forms the 
upper parts of the beds. ‘The two forms of ore are not separated, as 
a rule, in the same section, by any sharp and definite line. 

In the Fourche Mountain district only the pisolitic type of the 
ore has been found, which, when nearest the syenite margin, rests on 
a layer of kaolin as in the Bryant district. Those deposits more dis- 
tant from the syenite margin are probably interstratified with sedi- 
mentary beds of Tertiary age. 

The scattered isolated deposits found between the two districts 
resemble in their mode of occurrence the Georgia-Alabama deposits. 

The deposits are in beds or layers, which range in thickness from 
zero to forty feet, and have a probable average thickness of ten to 
fifteen feet for the two districts, and two to five feet and more in case 
of the isolated bodies of ore. 

In chemical composition the Arkansas bauxite varies within wide 
limits. The granitic type is the purest, and in selected samples con 
tains less than 3 per cent. of silica and 1 per cent. of iron oxide, and 
corresponds in composition to the formula Al,O,3H,O — the tri- 
hydrate of alumina. In the white bauxitic kaolins the silica ranges as 
high as 20 to 30 per cent., and in extreme cases the iron oxide reaches 
50 per cent. in some of the highly ferruginous types of the ore. 

Concerning the origin of the Arkansas bauxite deposits Dr. Hayes 
says that they are so intimately associated with the igneous rocks of 


the region that genetic relationship between the two is at once sug- 
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gested. The characteristic pisolitic structure of the upper portion of 
he deposits indicates chemical precipitation. The granitic bauxite 
forming the lower or basal portions of the beds, and the bowlders, are 
evidently of a different origin. The bauxite was probably laid down 
on the syenite rather than on the kaolin, as there is no indication that 
the kaolin is an intermediate product between the fresh syenite and 
the bauxite. 

In his report on the igneous rocks of Arkansas Dr. J. Francis Wil- 
liams suggests two theories for the accumulation of the bauxite. 
First, that the bauxite was formed by the decomposition of a bed of 
clastic material, derived principally from the syenite. The second, 
which he regarded as the most probable one, involved the action of 
the waters of the Tertiary sea on the still highly heated igneous rocks, 
in which, under high temperature and pressure, the constituents of the 
syenite were dissolved and brought to the surface in solution, the 
water emerging as hot springs. In the discussion of these theories 
Dr. Hayes points out serious difficulties to both. 

In the last part of the report Dr. Hayes treats of the “ Economic 


’ 


Relations” under “ Development ;” “Amount of Ore,” which includes 


atabular statement of the estimate of the amount of ore in the Arkansas 





bauxite region, and, according to the author’s calculations, shows the 
total amount estimated in outcrops to be 6,608,500 long tons, and the 
total amount under cover 43,711,200 long tons; “Quality of the 
Ores ;” and “ Mining and Preparation of the Ore for Market.” 


THomas L. WATSON. 
DENISON UNIVERSITY, 


Granville, Ohio. 
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